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UDC 551.(594.21:576.1)

STRUCTURE AND CONDITIONS OF DEVELOPMENT OF THUNDERSTORM CLOUDS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 5-17

[Article by I. M. Imyanitov, Main Geophysical Observatory, manuscript received
2 Jul 80]

- [Text] Abstract: Investigations of receant years have demon—-
strated that the electric properties of thunderstorm
clouds differ appreciably from those postulated only
10 years ago. It has been established that thunder-
storm phenomena occur in stratiform clouds, that there
is a high level of electric losses in active thunder-
storm clouds, and that there are electric currents
exceeding by orders of magnitude those which were
surmised. It was postulated that the critical condi-
tions for the occurrence of a discharge include en-
ergy factors. Existing models were inadequate for
explaining the observed electric characteristics. Two
schemes are presented: for the process of electrifica~
tion of a part of the clouds, based on the contact el-
ectrification process, and macroelectrification of the
clouds, based on the effect of falling of charged pre-
cipitation. Both schemes make it possible to explain
the effects discovered during the last decade.

Man's acquaintanceship with thunderstorms can be divided into four stages. In the
first stage man attempted to amswer the question "yhat is this?"; in the second
stage "how?"; in the third stage "why?"; and finally, now, in the fourth stage
"how to control it?" However, the answers to the preceding two questions are by
no means complete.

A solution of the problem of how thunderstorm clouds are structured and why thun-
derstorm phenomena develop should also be the basis for predicting thunderstorms
and for foreseeing the local and global consequences of industrial activity and
for understanding the physics of a high-voltage discharge in aerosol clouds. Al-
though no other phenomenon is expressed so sharply in the atmosphere as a thun-
derstorm in relation to the dependence of man on natural forces with the develop-
ment of technology and industry, the principal electric characteristics of clouds
have become known, and indeed, only in a general way, only now. Accordingly, there
are mutually exclusive theories of thunderstorm electricity [22] because thunder-
storms develop under conditions which meteorologists not only do not consider dan-
gerous for the development of thunderstorms, but even conditions which are hypo-
thetically impossible for their occurrence [4].
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1. Electric Model of Thunderstorm Cloud

A simple model of the electric structure of a thunderstorm cloud as formulated by
Simpson (for example, see [9, 14, 17] was not capable of explaining the new facts
(Table 1). This was also true of the Kuettner model (for example, see [17]).

A new model was developed and an attempt has been made to examine its statistical
and dynamic aspects [9-27]. A model of a thunderstorm cloud in the maturity stage
is shown in Fig. 1. As long as the stage of a well-developed cumulus cloud pre-
vails the electric charge 3 is absent and the charges 1, 2 and 4 are several or-
ders of magnitude less than those existing in the maturity stage. In the period
of transition from the Cu cong stage to the stage of mature Cb, conventionally
designated Cu cong—+Cb, the charge 2 is small in comparison with the charge 1 and
therefore the field strength over the cloud has a different direction than in the
maturity stage. The charge 3 is associated for the most part with the charge of
falling precipitation. In the decay stage the charge 3 is considerably decreased
and the charges 1 and 2 become less than in the preceding stage.

LAt

50

67

7 3 Lglf\

Fig. 1. Static model of thunderstorm cloud Fig. 2. Probability 1 - §(E) of oc~
in maturity stage. 1) main electric charge currence of fields with the strength
in cloud; 2) charge arising under influ~ E less than the stipulated level in
ence of atmospheric conductivity; 3) pre- clouds of different species.
cipitation charge; 4) charge of electric

inhomogeneities in cloud; 5) column of

unit section.

The characteristics of the electric field outside the cloud are determined for the

most part by the charges 1, 2, 3. The charges in zones of inhomogeneity 4 can cre~
ate local field strengths exceeding by an order of magnitude those created by the
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main charges. The value of the main charges 1 and 2 is different for different

clouds and has a tendency, on the average, to increase toward the equator (Table
2).

The probability of encountering field strength values less than the average value
in clouds of the temperate latitudes is shown in Fig. 2, taken from [9]. This
probability is approximated satisfactorily by a log-normal distribution. The
principal electric macrocharacteristics of clouds are given in Table 1. In the an-~
alysis of the data in Table 1 it must be taken into account that it gives esti-
mated data since the precise parameterization of the properties of clouds, a dis-
crimination of the peculiarities introduced by the specifics of aerosynoptic pro-
cesses and the influence of characteristic physiographic conditions require the
carrying out of prolonged systematic measurements which for the time being have
not been made.

In summarizing what has been stated above, it should be noted that recently essen-
tially new data have been obtained cn the meteorological conditions for the oc-
currence of thunderstorm phenomena, on the electric structure of thunderstorm
clouds and its changes, on the principal electric characteristics of clouds and
on the conditions for the occurrence of lightning in clouds. It was found that

the theories and hypotheses formulated up to the late 1960's are incapable of
explaining the observed phenomena, and the question naturally arose: what process-
es cause them?

2, Thunderstorm Cloud as an Electric Generator

We will represent a thunderstorm cloud as an electric generator in which particles,
having different velocities of motion, can be charged in large part with different
signs and thereafter, due to the difference in velocities, large volumes are form-
ed in space which are charged primarily by electricity of one sign or amother. The
charges of these volumes should create electric fields whose strength and extent
are sufficiently great for the appearance of lightning. The answers to the ques-—
tions of how the processes of micro- and macroelectrification occur and what the
term “adequacy” of strength and extent for the occurrence of lightning means will
provide a key to the understanding of the true electric activity of a cloud.

2.1, Charging of particles in clouds. Among the many difficulties facing investi-
gators of the processes of charging of particles in clouds the greatest complex-
ities are probably caused by three circumstances: the measured charges on precip-
itation particles were considerably greater than those arising in laboratory ex-
periments (for example, see [9, 14, 17, 28]); the charges of particles of both
clouds and precipitation could be both positive and negative; as a rule, if the
particles of one sign are encountered in a greater quantity, the mean value of
their charges is less than the mean value of the charges of particles present in
a lesser quantity (for example, see [14, 28]); finally, the conditions for the
charging of particles in different stages of cloud development and in its differ—
ent parts are so dissimilar that it seemed that tens of elementary electrifica-
tion processes developed, the relationship of whose activities was extremely dif-
ficult to determine (for example, see [9, 14, 28]). Investigators of any of these
processes almost invariably attempted to put "their" process as the basis for the
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next theory of thunderstorm electricity, but it was invariably found that the el-
ectroproductivity of the processes was inadequate. For example, induction charging
with the breaking of a contact in an electric field was inadequately effective
because measurements in clouds [5, 24] indicated that the real field strength in
clouds cannot ensure the necessary charges. Investigations of the Workman and Rey-
nolds mechanism and its modifications, on which great hopes were also laid, led to
the unexpected conclusion that although this effect creates great potentials the
charges created by them are less than the charges appearing with the breaking of
the contact (rupture of the film) of ice and water particles [6]. Accordingly, M.
Brook [22] even proposed that moratoria be imposed on new and old investigations
of the processes of elementary electrification until there was a more precise
clarification of the characteristics of clouds in order to avoid the appearance of
noncomparable hypotheses, theories and models. A solution to this problem was found
vwhen it was possible to reduce all the principal processes of electrification of
particles in clouds to two (for example, see [9]):

-- charge exchange between particles separated in space (after the contact of dif-
ferent particles, during destruction of a particle), so-called contact electrif-
icationg

—- transfer of charges from an ionized gas medium to particles.

Both processes can be substantially influenced by external strong electric fields,
changing both the electrification at the contact and the ionization level and cre-
ating reverse positive and negative feedbacks having a significant effect on the
electrification of particles.

Contact electrification arises in every case when there is a break in the contact
_between two particles, during the destruction of particles, detachment of a water
film from solid particles, escape of splinters from a freezing drop and similar

effects (for example, see [9]).

If a neutral particle collides with another neutral particle and the difference in
their electrochemical potentials is &; p, after breaking of the comtact the

charges +q; and -q1 arise on the particies
lal = 91,2 1, 2, (1)

where cj 7 is the mutual capacitance of the particles at the time of breaking of
the electrical contact between them [3].

The difference in the electrochemical potentials Yﬁ_z is dependent on the chem—
ical composition of the particles, their phase state’and surface properties; the
capacitance cj 2 is dependent on the geometry of the particles, their elasticity
properties and on the concentration and mobility of the charge carriers in the
particles and also on temperature. Under these conditions virtually any breaking

of the contact of particles results in their electrification, which will be the
greater the more diverse the particles. A paradox appears: it is more difficult

to explain why the particles in an aerosol cloud are uncharged than to explain their
charging. )

If a large particle collides with small particles, similar in their properties,

the charge q of the large particle will increase exponentially. We will assume as
a simplification that the large and small particles are spherical and their radii

6
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are equal to R and r respectively, RPr, and the difference in their electrochemical
potentials is ?1,2. Then the charge acquired by the large particle is

iR+ r) L

==z O (1—e"7). (2)

The limiting charge gq,; arising on the large particle will be equal to [2, 3]

R ]
Uin 20257 =4, % ' (2a)

In this case cl’ZzAr, vhere A = 3-8# 5, and q; is the charge imparted to the par-
ticle at the time of the first contact. The relaxation time of the process will be
equal to T% R2/r2N, where N is the number of collisions of large and small par-
ticles per unit time.

2Mg6
. Hgm
oln-g
<Agd
aled

-10

Fig. 3. Dependence of charge with breaking of contact of two particles having an
electric potential difference 49,

As a result of this effect, in clouds during collisions of precipitation particles
and cloud droplets a charge can be formed on the .first which exceeds by a factor of
102-10% that obtained in a single collision and usually observed in the laboratory.
In the experiments of Buser and Aufdermaur [18] it was demonstrated that the charge
- imparted in this case in actuality is proportional to the difference in electro-
chemical potentials (Fig. 3). Formulas (2) and (3) have been confirmed in numerous
experiments [2, 11, 18]. Thus, collective effects can play a major role in the el-
ectrification of particles in a cloud.

If 9’1 2 and the sizes of particles are random values, the charges accumulated on
small and large particles are imparted with some distributions [11l, 12]. Two ex~
treme cases are possible: if large and small particles (precipitation particles

7
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and cloud particles) with equal probability acquire both positive and negative
charges no organized electrification will occur in the cloud, although the par-
ticles in it will be charged, but if the large particles are charged with one el-
ectric sign and the small particles are charged with another, organized electrif-
ication of the cloud arises which is intensified with the falling of precipita-
tion particles. In a general case, when the total values of the charges of large
and small particles are displaced in different directions from the zero value,
organized electrification is combined with the charging of particles of any sizes
with different electric signs.

The magnitude of the charge imparted during contact is dependent on the strength
of the external field E. However, the role of the induction mechanism of charging
occurs only in very strong fields. The fact is that induction charging is compar-
able with contact charging and exceeds it only when

vyE&=q. 2,

where J 1is the gap between the particles 1 and 2 at the time of breaking of the
contact and )Y 1is the coefficient of intensification of the external field in the
gap between the particles; the Y value is close to A, that is, )’ﬁ: 5~10. Since for
liquid particles the value 4 = 10-7-10-4 cm, whereas for solid particles it is
close to d = 10~8-10~6 cm, in fields 2 104 V/cm the induction mechanism begins to
prevail over the contact mechanism. This effect is clearly manifested in experi-
ments [18] and explains the noncorrespondence between the Sartor, Zhiv and Levin
and other models to the observed results.

Superposed on the contact electrification process is the capture of ions from the
air, usually lessening the charge acquired with the breaking of the contacts [12]

- and also the charging of particles by the capture of ions from the surrounding air
(for example, see [9, 14, 17, 28]). However, these processes, even in the modern
interpretation [34], do not make it possible to obtain the charges required in the
cloud during the time. of its development.

The reduction of the numerous processes of particle electrification in clouds to
two made it possible to simplify the problem of experimental and theoretical model-
ing of the process of electrification of particles in clouds. However, such model-
ing must include allowance for the coagulation of particles, the influence of elec-
tric forces on the interaction nf particles, the influence of medium conductivity,
the change in cloud ionization in strong electric fields and allowance for the pos-
itive and negative feedbacks caused by these effects.

2.2, Accumulation of space charges in clouds. The literature describes two models
of the process of accumulation of electric charges in clouds. In the first of these,
representing a development of the concepts of El'ster and Geytel' and Wilson (for
example, see [9, 14, 17, 28]), the principal reason for the separation of regions
charged with the same sign in clouds is the falling of particles of precipitation
charged with the same electric sign relative to smaller particles charged with the
other sign. The energy already accumulated in the cloud as a result of ascent of

its water part in the gravity field in this model is realized in an electric cloud
generator during the falling of particles. This model initially seemed to contra-
dict the facts because the charges of precipitation particles measured at the
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earth's surface did not confirm the models of predominant charging of precipita-
tion. Only after measurements aloft —- in clouds and directly under them -- was

it found that in clouds there are extremely extended zones in which virtually all
the precipitation particles are charged with the same sign [5, 26] and only at the
ground level, due to the charge exchange effect, will the observed + and - charging
be observed.

In the second model, developed by Green and Vonnegut (for example, see [9, 17, 28]),
the charging of clouds is created due to convective transfer of the space charge
accumulating near the earth into a cloud by vertical air movements; this charge,
passing through the cloud, settles on its droplets. The charge accumulating in the
cloud with its field causes an outflow of charges of the other sign toward the
boundaries of the cloud, primarily toward its upper part, creating a dipole elec-
tric structure. In this model the cloud acts as a singular electric filter. The en-
ergy realized in the cloud electric generator appears due to vertical air movements.

Vonnegut, developing the Green scheme, postulated that the corona discharge of
pointed objects or features on the ground under the influence of the cloud field
leads to an intensified charging of the latter, which in turn intensifies the en-
try of space charges into the cloud, etc. The possible positive correlation between
the rate of entry of the charge into the cloud and the intensity of its genmeration
made it possible to regard the cloud as an induction type electrostatic machine.

At the last, Fifth International Conference on Atmospheric Electricity the prin-
cipal reports [29, 30] represented the points of view set forth above and the

main problems were concentrated in them. Without dwelling on the details of the
discussed problems [22], we note only that the supporters of the Green-Vonnegut
model have pointed out that the model of charging of clouds by precipitation does
not explain the high value of the observed charges of precipitation, the noncoin-
cidence of the zone of falling of precipitation and the zune of gemeration of
lightning, thunderstorm phenomena in warm clouds and the appearance of a space
charge layer (electrode effect) in the upper part of the cloud. The opponents of
the Green-Vonnegut theory noted, in particular, that the sign of the charge accum-
ulated by the cloud in the initial stage of the process is opposite that predicted
by theory.

In the experimerts carried out for solution of the problem of the possibilities of
the convective mechanism, carried out under our direction [9, 10], it was demon-
strated that in well-developed cumulus clouds with their tops at a level of 6 and
even 7 km, there is no appreciable electric charge as predicted by the convection
theory, the magnitude of the cloud charges is virtually not dependent on its
thickness, and only with the appearance of large droplets in the cloud (2> 100 1Lm)
do the electric processes begin to intensify. At the same time the data in Table 1
show that the absence of appreciable electrification in the Cu cong stage does not
make it possible to accumulate the observed charges as a result of convection in
the few minutes separating this stage from the thunderstorm stage. It can there-
fore be assumed that the first and foremost reason for the charging of a cloud is
the falling of precipitation, although in the stage Cu cong—Cb and Cb air move~
ments can play a substantial role, although differing from that predicted by con-
vection theory.
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Since the process of electrification of clouds in general, the same as for indi-
vidual particles, transpires in a conducting medium, in all computations of an
electric cloud generator it is necessary to take into account the relationship of
intensity of charging and discharging processes. Failure to take this circumstance
into account made it impossible to use the schemes and models of electrification
of clouds, which are being developed even recently [14, 22], and required the de-
velopment of a new model.

We will attempt to convey the principal features of this model using a simple
scheme. A complication of the model (for example, see [13]) leads to more precise
data, but deprives the model of graphic features.

Mow we will examine the change with time t of the charge Q of a unit column 5 (see
Fig. 1) of an initially neutral cloud present in a conducting medium due to the
falling of precipitation whose particles acquire an electric charge as a result of
- the contact mechanism [9, 27]

do/dt = Iop - 4 (Aay, + Aag, + Aef)Q, (3)

where I.h is the current created by falling charged precipitation, Aau and ;131 -
are the atmospheric conductivities at the upper and lower boundaries o? the cloug,
M eff 1s the effective conductivity in the cloud.

The electric current in the precipitation is B ‘
I, = Z M4 V,—)':n,» 9 Vi )

where nj, Vi and qi are the concentration and velocity of particles carrying a
charge of the same sign and nj, V; and qj are the corresponding notations for par-
ticles carrying a charge of a different sign.

The effective conductivity is *

Aeff = Ag + Pk, (5)
where A is conductivity within the cloud, k is the mean wvalue of the coefficient
of turbu?ent exchange within the cloud, P is a coefficient dependent on the geo-
metry of the distribution of charges and turbulence within the cloud.

The first term on the right-hand side of equation (3) describes the electric cur-
rents charging the clouds; the second term describes its discharge currents I4ig
through the upper and lower boundaries.,

The solution of equation (3) is given for a one-dimensional case on the assumption
of a constancy of the currents I., and Igjg with time in the form

o <
[3 = ch] 0= 1,-.(1 _e--:)' (6)
where © is the relaxation time,

T = (N

€
bdrv (}aup + Aaiow T eff)
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Under the conditions of the problem which we adopted equation (6) can be repre-

sented in the form
¢

Qcloud = IchST 4 S+ (1 - e"-'), . (8)

where S 1is the cross-sectional area of the active part of the cloud and Qcloud
is the charge 1 in Fig. 1.

The upper charge 2 (Fig. 1) is created by a conductivity current bringing from the
atmosphere a charge which settles on the particles of the upper part of the cloud.
-Since usually ?\au )Aa ow’ the corresponding charging exerts no appreciable ef-
fect in the lower part o% the cloud and the charge 2 of the cloud in the maturity
stage can become close in absolute value to the charge 1.

The electric moment M of the cloud in the maturity stage can accordingly be rep-
resented by the expression

M = 0lhQcyqy4> 9

where h 7= cloud thickness and & is a dimensionless coefficient showing by how
many times the cloud thickness exceeds the distance between the centers of the
charges 1 and 2 (Table 2).

The lower charge 3 (Fig. 1) is created by the charge of precipitation and 1s equal
to v — I .

Q. = L Mmqi—X ng; (10)
ch i |
It is important to note that the charges 1 and 2 accumulated in the cloud can ex-
ceed the charge 3 by many times. If there are significant changes in wind velo—-
city with height this can lead to an appreciable displacement of the region of
lightning generation relative to the precipitation zone (for example, see [23]).

The stage of decline of electric activity in the cloud is characterized, in par-
ticular, by the fact that the cloud charging current I ., begins to decrease with
time. Usually this moment is close to the onset of attenuation of precipitation.

In this case the solution of (8) is somewhat modified: it contains a cofactor char-
acterizing this process. If the precipitation ceases suddenly, the charge and the
electric moment of the cloud decrease at a rate determined by the relaxation time
T.

If electric simulations are used, the model resembles a Van Graff generator situat-
ed in a conducting medium. The role of a "conveyor belt," carrying the charges, is
played by precipitation and the role of an electrode is played by the cloud itself.

The considered model shows that the cloud electrification changes:
_ —- proportionally to the increase in the electric current of the precipitation,
which in turn changes proportionally to: a) the change in the charges on the in-
dividual precipitation particles, b) change in the difference in the concentrations
of precipitation particles charged with different signs, c) the increase in the
relative rate of falling of precipitation particles charged with different signs;
~- proportionally to the horizontal and vertical extents of the active part of the
cloud;
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-- inversely proportionally to the increase in electric losses of the cloud, in
particular to: a) the increase in cloud conductivity, b) the increase in turbu-
lence within the cloud, c¢) the increase in atmospheric conductivity at the
upper boundary of the cloud, dependent primarily on the altitude of the upper
boundary.

 8lee V/em
501 .

; 230 200 T
v 1 J W ot g m3

Fig. 4. Computed dependence of field strength E in cloud on thickness H (1) and
liquid-water content w (2) of the latter.

The model leads to the unexpected conclusion that one electrification process en~
sures a three-charge cloud structure. The adopted scheme for the electrification
of individual particles and allowance for collective effects ensure electric cur~
rents corresponding to the data in Table 1. The measured relaxation time values
indicated (for example, see [9]) that the principal losses arise in a thunder-
storm cloud and are related to a considerable degree to the turbulence in it. In
clouds developing over water areas the mean € values exceed by a factor greater
than 3 the T values characteristic for continental clouds, that is, thunderstorm
phenomena over the oceans can appear in clouds whose thickness and liquid-water
content are much less than for clouds over the land. If € in clouds is very small
weak electrification processes (for example, in stratonimbus clouds) can lead to
the appearance of thunderstorms [27]. Similarly, even charging processes in warm
clouds, attenuated due to small %; 5 can, if the losses in them are small, as

is the case in breeze clouds, lead to the appearance of a thunderstorm.

Figure 4 shows the correlations between the electrification of a cloud and its
thickness [22] and liquid-water content [9], computed using a refined model [13].

Without dwelling in detail on the mechanism of the appearance of zones 9f inhomo-

geneities in clouds (Fig. 1) we note only that their existence is closely associ-
ated with air currents in clouds, with the circumstance that cloud turbulence

12
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leads to its homogeneity, creating local, relatively short-lived inhomogeneities.
As was demonstrated in [9], the lifetime of these inhomogeneities is sufficiently
great so that the electric fields in them considerably increase the rate of
growth of particles and the latter 1s reflected in the growth of the electric
field in the inhomogeneity. Lightning discharges can begin in zones of inhomogen-
eities. It was recently found [7] that the zone in which the discharge begins
should not only create a field with a strength greater than the critical value,
but also store an adequate electric energy (see Table 1). Accordingly, the pre-
vailing (for example, see [20]) concept that a lightning discharge can begin with
a discharge on a particle (or several particles) 1s incorrect. The criticality of
field strength and energy determines the minimum extent of the region from which
the discharge can begin.

In general, the considered model eliminates the objections advanced against the

- theory of cloud electrification as a result of the falling of charged precipita-
tion [30]. For conversion from the examined model to a model of a real cloud it is
necessary to develop two- and then three-dimensional models, introduce time depen-
dences for the charging current and losses in a cloud and introduce feedbacks tak-
ing into account the reciprocal influence of electric forces and microphysical
processes 1in clouds.

3. Correlation Between Electric and Other Meteorological Characteristics of Clouds

A short-range forecast and diagnosis of the possibility of the appearance of thun-
derstorm phenomena in a specific cloud or small region is based on the measurement
of characteristics only indirectly related to the electric characteristics of a
thunderstorm and therefore it is desirable to be able to evaluate the reliability
of these correlations. On the other hand, a direct comparison of the electric char-
acteristics of different clouds without allowance for the conditions of their de-
velopment in application to a specific cloud electrification model can lead to
seemingly contradictory results.

According to the data published by Few, et al. [23], for example, projections on-
to the earth of regions of the falling of intensive precipitation and the genera-
tion of lightning are considerably displaced relative to one another, whereas ac-
cording to data published by Proctor [31l] and Carter and Kidder [19] they coincide.
Above we noted the fundamental importance of solution of the problem of the rela-
tive location of these regions. The arising contradiction disappears when one con-
siders the genesis of the investigated clouds. If the theory of charging by precip-
itation is correct, for thunderstorms developing in the atmosphere, where there is
no appreciable change in wind velocity with altitude (for example, warm thunder-
storms), characteristic for the region of investigations [31], the regions of
falling of precipitation and generation of lightning should coincide. When there

is a considerable wind shear with altitude (for example, frontal, rapidly moving
thunderstorms characteristic for [19, 23]) these regions can differ considerably.

The appearance of thunderstorm phenomena in stratiform clouds without the presence

of masked convective clouds was impossible because there were no meteorological
conditions corresponding to the indirect indicators of a thunderstorm [27]. The
vigorous processes of enlargement of particles and the falling of precipitation in
cumulonimbus clouds still seem inexplicable.
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Now we will examine the physical principles of the developing relationships be-
tween electric and other meteorological characteristics of clouds from the point
of view of the considered model. The appearance of large electric charges on par-
ticles 1s associated with high values of the difference in electrochemical poten-
tials between them and a substantial difference in the size of cloud and precipita-
tion particles (see formulas (1) and (2)). The greatest potential differences
usually arise between water and ice particles, that is, in mixed clouds. This cir-
cumstance explains the usually observed relationship between thunderstorm pheno-
mena and the vertical extent of clouds (size of precipitation particles) and the
presence of a well-developed zone with negative temperatures in clouds. However,
the organized electrification of precipitation particles can be observed both in
warm clouds and in clouds with a small supercooled thickness; despite the fact that
the electric losses in clouds are small the occurrence of thunderstorm phenomena in
the latter is not uncommon.

In order for significant charging currents to appear there must also be a great in-
tensity of precipitation (see formula (4)), which in turn is associated with the
great liquid-water content of the clouds and their vertical development. A correl-
ation between the intensity of precipitation and thunderstorm activity was already
noted in the last century (for example, see [14, 17, 28]). However, in the case of
small electric losses thunderstorm phenomena appear when there is relatively light
precipitation [27], but in the case of great losses they do not arise even in heavy
showers (for example, see [19]). Therefore, probably, although radar criteria for
thunderstorms during the summer over the continents [15, 16] structurally coincide
with formulas (8)~(9), they cease to be valid when determining thunderstorm condi-
tions during the cold season of the year, over water areas, etc. On the basis of
the data in this article it can be postulated that in addition to the necessity for
making an allowance for turbulent conductivity in the correlation between the in-
tensity of precipitation and its electrification it is also necessary to take into
account the possibility of a strong but relatively symmetric electrification of
particles (for example, see [29]) without appreciable organized electrification.

Table 3 gives a summary of evaluations of the reliability of the correlation of dif-
ferent meteorological elements with electric elements in clouds. It must be remem—
bered that the correlation in Table 3 is given for some mean conditions. In indi-
vidual regions and and seasons these correlations may be strengthened or weakened
due to the fact that in some mountainous region a thunderstorm with a high degree
of reliability can correlate with the appearance of a small cloud over a certain
peak in the morning hours, although similar correlations are absent in other areas.

When evaluating the role of electric forces in the specifics of development of a
cloud 1t must be remembered that the interaction of particles under the influence
of these forces radically changes the effectiveness of collision of particles, es-
pecially small particles. According to the computations in [25, 32], the relative
coefficient of collision of particles measuring microns and tens and hundreds of
microns can increase by hundreds and thousands of times (attaining the value 1)
with fields and charges really existing in clouds in comparison with the value of
this coefficient in the absence of fields. In very strong fields the region of
weak (forbidden) coagulation virtually disappears. As indicated experimentally, the
values of the relative collision coefficient can attain even 20-30 [33]. Due to the
change in the rate of motion of particles in the electric field the length of the
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column of small particles with which a large particle collides during a given time
interval can increase by several times {25]. In other words, under the influence

of electric forces the process of enlargement of particles for the most part is
reduced to the coagulation process. The processes of collision, amalgamation and
separation of particles transpire as they would in clouds without the influence of
electric_forces but having a liquid-water content of hundreds, thousands and even
more g/m”, that is, the rate of development of thunderstorm clouds is determined to
a great extent by the electric forces in them.,

In the life of each sclence there are latent ("autum" and "winter") periods when
facts are accumulated and compared. This is followed by a period of generalization
and interpretation (the "spring" and "summer" of science), leading in the long run
to a new level of comprehension. Our understanding of thunderstorm processes has
prohably entered into this second stage.
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UDC 551.(510.4+588.7)
ANTHROPOGENIC CHANGES IN ATMOSPHERIC CO2 CONCENTRATION DURING THE NEXT FIFTY YEARS
‘Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 18-31

[Article by E. K. Byutner, doctor of physical and mathematical sciences, 0. K. Zakh-
arova and I. Ye. Turchinovich, candidates of physical and mathematical sciences,
and A. G. Lapenis, State Hydrological Institute, manuscript received 17 Jun 80]

[Text] ’ Abstract: The percentage distribution of car-
bon content was computed for three reservoirs
(biomass of the land, ocean and atmosphere)
for the next 50-year period (to 2030) for
determining the most probable rate of indus-—
trial CO2 emission. For use in computation
of COj absorption by the ocean a correlation
was derived between the partial pressure of
CO2 in the atmosphere and its content in the
upper quasihomogeneous layer of the ocean
(UQHL) in a broad range of temperatures. The
computations were made for a fixed mean global
temperature of the UQHL equal to 16.8°C. A de-
pendence of the CO2 concentration in the atmo-
sphere on time was derived for the period up
to 2Q30.

Introduction. The combustion of fossil fuel (petroleum, coal and natural gas) is an
essential part of modern power production. The supplies of organic carbon accumul-
ated in the course of hundreds of millions of years are oxidized and enter the atmo-
sphere in the form of carbon dioxide. Data from the monitoring of CO2 initiated in
1958 indicate a constant increase in the content of atmospheric CO2 (see Fig. 1).
Over a 20-year period, from 1958 to 1978, the quantity of CO2 increased from 315
million-l to 335 million~1 parts in volume, that is, by 42.5 Gt of carbon. [The
quantity 1 million~l CO2 is equivalent to 2.124'101§ g of carbon in the atmosphere;
in the text which follows the masses of the reservoirs in all cases are given in
gigatons, that is, in 1015 g of carbon.] If this figure is compared with the quan-
tity of COy entering the atmosphere during these same years as a result of indus-
trial activity, it is found that about half of the anthropogenic carbon has remain-
ed in the atmosphere. The remaining quantity was distributed among the other carbon
reservoirs of the so-called "mobile store," that is, the biomass and the ocean.
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The total planetary carbon cycle includes three interrelated cycles which differ,
in particular, with respect to the intensity of the characteristic values of the
exchange fluxes, and accordingly, the time scales as well. In the first cycle, the
so-called cycle of carbon in the "mobile reserve," which includes the processes of
photosynthesis, respiration and oxidation of organic matter, as well as gas ex-
change between the atmosphere and ocean, the magnitude of the exchange fluxes is
tens Gt/year (see Fig. 2). Within the limits of the second cycle there is weather-
ing, dissolving and precipitation of carbonates with an intensity of the corres-
ponding fluxes from 0.1 to 1 Gt/year., Finally, the third cycle, geological, in~
cludes the processes of carbon entry into the atmosphere from the earth's deep
layers and the accumulation of calcareous rocks; the rates of these processes in
order of magnitude are 10~2 Gt/year and the changes in carbon content associated
with them have a characteristic time scale of 10’ years in the different reservoirs
[5, 15]. The characteristic times of change in the content of carbon in the atmo-
sphere, the upper quasihomogeneous layer (UQHL) of the ocean and in the biomass
with impairments in equilibrium in the first cycle are about 10 years, the time
scale during which the combustion of reserves Weo of fossil fuel available for ex-
ploitation is estimated at 200-300 years, and the Weo value is considered to fall
in the range from 8 to 16 times the CO2 content in the atmosphere. Accordingly,
impairments of equilibrium due to the combustion of fuel arise, in particular, in
the course of the first cycle. In the prediction of changes in the carbon content
in different reservoirs which can occur in the course of the next 50 years it is
possible to limit ourselves to an examination of the processes transpiring within
the 1limits of only the first cycle because the second cycle is characterized by
far greater inertia: its scale is estimated at 103—104 years [32].
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Fig. 1. Results of observations of atmospheric COy content. From 1860 to 1960 [20]:
1) reliable data, 2) doubtful data, 3) data from aircraft observations. The solid
curve to 1958 represents dependence (9) for A = 8,2:10~% from 1958 to 1978 -~ mean
monitoring data for stations in the northern hemisphere.

The problem of the distribution of anthropogenic carbon dioxide between the atmo-
sphere, ocean and blomass with a stipulated temporal variation of the rate of in-
dustrial effluent and the total quantity Weo of fossil fuel which can be burned
has been formulated and solved during recent years by a whole series of authors
(20, 21, 26, 30, 31, 34, 37, 40]. All these computations naturally contain the
parameters characterizing gas exchange among the principal reservoirs, as shown
in Fig. 2. The values of all these parameters are now known with some degree
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of error. The type of equations used in different studies for describing the CO,
cycle is also somewhat different.

[
Atmosphere | _F1<%0 Ocean ‘,, -
13
x,e 617 Fiel0 2'+665  Blim
; ;
UQHL. .. -
W
Fye 86 663°; Fus
iomasg | 474 Feiitm
Land g 500 ” .
E,I;{,)—g' - __I 2l +3900
v <2000
Humys 7'} i

Fig. 2. Carbon content in three reservoirs, Gt in atmosphere, biomass and ocean,
and also exchange fluxes between them, Gt/year.

aw/dt rm/zd
il Gt/year

v 7;’0 1330 2000 2910 2020

Fig. 3. Rates of industrial discharge of carbon Gt/year as function of time [26].
1) r = 0,0653; 2) r = 0.0453; 3) r = 0.0253; 4) most probable rate of discharge
- and its discharge in 2025. n = 0.5 (solid curves), n = 1 (dashed curves).
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The purpose of our study was more limited: it sets forth the results of computa-
tions of changes in atmospheric COp concentration which can occur during the

next 50 years. In such a relatively short time interval the principal interaction
occurs between the atmosphere, biomass and upper quasihomogeneous layer of the
ocean and the deep ocean can be regarded as an infinitely large reservoir absorb-
ing excess carbon dioxide from the upper quasihomogeneous layer. In addition, a
whole series of nonlinear effects can be neglected and a simplified system of
equations for the cycling of the carbon of the mobile reserve affords a possibil-
ity for evaluating to what degree the inaccuracy in determining different para-
rneters can exert an effect on the results of computations.

Rate of Industriali Discharge

Figure 3 shows the prognostic functions dW/dt for different scenarios of energy de-
velopment in the future in the form in which they were used in [20]. The vertical
line drawn at the level of the abscissa t = 2025 years was taken from [36] and
shows the extent to which the range of possible rates of industrial discharge had
narrowed as a result of an analysis of data on the development of world energy
production during recent years. The dot on this curve designates the most prob-
able dW/dt value for the year 2025. The principal results of our computations

are represented by curve 4, which corresponds to the rate of industrial growth

=ldw L/,
r=a - 4.5%/year

in 1975. A decrease in this value due to the finite nature of the reserves of
available fossil fuel and changeover to other types of energy sources will still
have a weak effect in the next 50 years, although a rate of industrial discharge
in 2025 which is 1.8 times less than the rate corresponding to the constant value
r = 0,045 year‘1 is predicted.

Even at the present time the intensity of the anthropogenic carbon dioxide source
dW/dt is 5 Gt/year and by 2025 will attain 26 Gt/year; accordingly, it should re-
sult in strong changes in the cycling of carbon of the mobile reserve.

Principal Reservoirs of Carbon in the Mobile Reserve

a) Atmosphere. The overwhelming part of carbon present in the atmosphere is present
there in the form of carbon dioxide. For the interval 1958-1978 Figure 1 shows the
mean values of the CO2 concentration according to data for a number of stations
situated in the northern hemisphere. The concentrations observed in the southern
hemisphere are less than in the northern hemisphere by 3-4 million™l but have a
similar dependence on time [29]. Until 1958 there had been no monitoring of the
CO2 content and there are only data from individual measurements which differ from
one another primarily due to the imperfection of the measurement method. As a re-~
sult of analysis of such data Callender [29] concluded that the carbon dioxide
concentration in the mid-19th century was close to 290 million™l. A similar con-
clusion was drawn in [23]. In most models of the carbon cycle this figure is used
as the initial equilibrium concentration up to the beginning of anthropogenic dis-
turbances. It corresponds to an xp value of the atmospheric carbon reservoir equal
to 617 Gt. It goes without saying that this figure cannot be regarded as absolute-
ly precise, but its mean square error probably falls in the range 5-8 million~1.
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The estimates obtained on the basis of an analysis of data on the ratio of the iso-
topes 13C/lzc in tree rings, from which substantially lesser xg values follow, are
based on an inadequately complete statistical material and can scarcely be assign-
ed a great weight,

b) Ocean. In the ocean inorganic carbon is present in the form of COp in both dis-
solved gas and also the ions HCO§ and CO§.

The upper quasihomogeneous layer (UQHL) of the ocean on the average under station-
ary conditions should be in chemical equilibrium with atmospheric carbon dioxide.
. The total carbon content zj in all three forms, that is, CO2, HCO3 and CO§ (the
quantity of nondissociated HyCOj is negligible) is determined by the temperature,
salinity and alkalinity of the water. If the values for the UQHL [1] t = 16.8°C,
s = 34.7°/0co, Alk = 2.44 meq/liter and a depth h = 77 m are used as the mean global
values, then with x5 = 290 million™! the z9 value is equal to 665 Gt. The remaining
ocean as a whole is 6-7% supersaturated with carbon dioxide in comparison with the
UQHL as a result of activity of the ocean biomass. The basic functioning of bio-
mass occurs in the upper 200-m layer, but the dead organic remainc settle into the
deeper layers, being oxidized as they descend. As a result of this process, the
ocean in general is doubly undersaturated with oxygen. This is known from both ex~
perimental observations [35] and from theoretical computations [8, 9]. Such an 0j
undersaturation is about 6000 Gt and should correspond to a COp supersaturation
of about 6000 612/32), that is, 2200 Gt. Accordingly, the total quantity of inor-
ganic carbon z,) in the deep ocean is evidently close to 39 000 Gt [21]. The exist-
- ing uncertainty in this figure will not be reflected in the results of the computa-
tions as long as the deep ocean can be considered an infinitely great reservoir
for the "runoff" of anthropogenic carbon dioxide. There are carbonates in the sed-
iments of the ocean floor. For the time being the interaction of ocean waters with
precipitated carbonates need not be taken into account because this is an inertial
process with a characteristic time scale not less than 103 years and the alkalinity
Alk of water can be considered constant. According to the data in [1, 14], the mean
global value of the Alk/Cl ratio is 0.12 and therefore with a salinity S equal to
34.7%/oc we have Alk = 2.44 meq/liter.

The exchange flux FO between the ocean and the atmosphere can be represented in the
form - e

= Y — ..F=F -~ F ,
Fn - VL Sko (pa p..') l T (1)

where the V; value has the dimensionality of velocity and accordingly is called
the characteristic rate of gas exchange through the discontinuity atmosphere-UQHL,
S is the area of the world ocean, kg is the coefficient of solubility of COp in

sea water. The product kgpy is the limiting value of the COy concentration in water
and kgpy 1s the concentration of dissolved CO2 gas in the UQHL, since the "partial
pressure of COy in water" py by definition is the ratio of its concentration c to
the kg value. As demonstrated in [12, 13], the difference pg - p has a latitudinal
and seasonal dependence and for the most part due to change in tﬁe pw value. The
characteristic values of this difference are 30-40 million~l. Its mean annual
value is close to zero within the limits of accuracy of observational data and

the corresponding hydrochemical computations. The state of dynamic equilibrium be-
tween the UQHL and the atmosphere comes about by the evening-out of two oppositely
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directed fluxes Ft and F, . Each of these can be obtained if the mean global value
of the Vi, parameter is known. Such a value has now been obtained on the basis of
data from laboratory experiments for determining the dependence of the VL parameter
on wind velocity with subsequent statistical averaging of this dependence using the
probability distribution functions for different wind velocity values and for the
surface of the world ocean. As a result, with storm effects taken into account it
was found that the mean global value Vi is equal to 39:10~% cm/sec. The F+ and F{
fluxes are 70 Gt/year. The amplitude of the seasonal values of the exchange flux
Fy is almost an order of magnitude less [2].

¢) Biomass. The principal reservoir of organic carbon is in the continental biomass.
The magnitude of the living biomass of the land, according to the presently most
commonly published estimates [28], is 827 Gt. Its greater part is in forests. The
data in [3] give a close figure: 2420 for dry organic matter (the mean molecular
weight is considered_equal to 30). A detailed analysis of the presently available
evaluations of the yp Parameter and the possible reasons for the discrepancies be-
tween different authors was presented in [28]. But the conclusion of the author of
[28] that the figure 827 can be exaggerated by a factor of 2 is probably too crit-
ical. There is far greater uncertainty in estimates of the content of soil humus
yS. As demonstrated in [22], the figure used until recently, equal to 710 Gt, was
taken from publications dated 1915.

The mean global value yg, according to the estimates of the author of [22], is
3000+500 Gt; according to the data in [28] it is half as great -- 1500 Gt. In the
3000 figure the author of [22] included 800 Gt of peat which is oxidated very slow-
ly. Accordingly, we used a Yo value equal to 2000 Gt, the same as in [34].

_ The mean annual primary productivity of the continental phytomass, according to

the estimates in [34], is Py = 56 Gt/year. The data obtained in [7], 1410 Gt/year
for dry organic matter, virtually coincide with this Pg value. In a state of equil-
ibrium the Py value should be compensated by expenditures on oxidation transpiring
in vital functioning processes with the dying of rapidly oxidizing organic matter
and with the decomposition of humus. A mean global value [10] was obtained for the
last part of so-called "soil respiration"; it was 0.37 Pg. Accordingly,’ the charac-
teristic time of oxidation of continental humus is

Py = 2000/(0.37+56) = 96 years.

The corresponding ""turnover time" for the living biomass is

'Ll = 800/56 = 14.5 years.

The living biomass of the ocean is primarily in the form of zooplankton [19] and

is approximately 20 Gt, that is, almost two orders of magnitude less than the con-
tinental biomass. The humus content in the ocean is reckoned at 1380 Gt [17], which
is not much less than the yg value. The mean annual productivity of the ocean is
about half the productivity of continental plants, but there are many investigations
[39] according to which ocean productivity is limited by the nutrients received from
the depths, and not by the carbon dioxide, of which there are considerable quan-
tities in the ocean. On the basis of these considerations only the continental bio-
mass was included in our computation scheme.
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Oceanic Reaction to Anthropogenic Disturbances

The equation describing oceanic reaction to changes in the atmospheric content of
carbon dioxide is naturally written in the following form:

h _i‘i_‘; = VL Sk, (pa ’—p\.) — Vo S (C___ Co)- (2)

Here the term situated on the left-hand side describes the change in the content of
total inorganic carbon in the UQHL and on the right-hand side there are terms de-
scribing gas flows through the upper and lower boundaries of the UQHL respectively.
The principal feature of this equation is that gas exchange for COy through the
upper boundary of the UQHL is proportional to the difference in the partial pres-—
sures of COz in the air p, and in the water py (the py value is determined as the
quotient by division of the concentration of dissolved CO2 in water by the solubil-
ity coefficient ko). The py value with stipulated temperature, salinity and alka-
linity values for sea water is unambiguously related to the total concentration of
inorganic carbon in the UQHL, that is, to the c value. The exchange flux of the
UQHL with depth is proportional to the deviation of c from the equilibrium value
cg which prevailed in the UQHL prior to the omset of anthropogenic disturbances.
Accordingly, for the solution of equation (2) it is necessary to compute the func-
tion py(c). Such computations were made from the known kQ values, and also the
first k; and second k2 constants of dissociation of carbonic acid cited in [14]
on the basis of data from Liman, and a series of other known hydrochemical con-
stants. The results of computations with Alk = 2,44 meq/liter, S = 35°/oo and dif-
ferent UQHL temperature values are cited in Fig. 4. It follows from the graphs that
chemical equilibrium with the atmosphere, in which the p, value varies greatly, is
attained with an extremely small change in the content of inorganic carbon in the
UQHL. An increase in p, by a factor of 2 causes an increase in c by several per-
- cent. This is a well known fact specifically for the reason that the UQHL in its
time was known as a "bottleneck" through which there is an exchange of the carbon
dioxide between the atmosphere and the ocean. The characteristic time for the sett-
ing-in of chemical equilibrium, that is, the equality of the p, and py values be-
tween the atmosphere and the UQHL, does not exceed 1.2-2 years [24] and the time
interval in computing the mean CO content trend is equal to 10 yearsg. According-
ly, with the use of equation (2) for computing the absorption of anthropogenic CO,
by the ocean it can be assumed that p; = py, but the total concentration c(t) of
carbon in the UQHL in this case must be taken from the results of precise computa-
tions of the hydrochemical relationships cited in Fig. 4 without recourse to lin-
earizations.

The curves in Fig. 4 demonstrate the dual role of temperature in the process of ex-
change of CO2 between the ocean and atmosphere: with an increase in temperature
the transmissivity of the UQIL as a buffer layer between_the atmosphere and the
main layer of the ocean increases (the relative values (c - cg)/cg increase), but
its inherent capacity decreases. The computations indicated that the resultant in-
- fluence of temperature of the UQHL on the rate of absorption of COp by the ocean
is small. A warmer UQHL leads to more intensive transfer of excess carbon dioxide
from the atmosphere into the ocean; a temperature increase by 1°C increases the
quantity of absorbed carbon dioxide by 2%. However, it must be noted that such an
effect is obtained when the characteristics of exchange between the UQHL and the
underlying layers are not dependent on the temperature of the UQHL. It is evident
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- that this is not the case and the total temperature effect can be computed only

- after obtaining the corresponding dependences for the characteristic rate Vg4 of
gas exchange with depth. We carried out all subsequent computations for a fixed
mean global temperature of the UQHL equal to 16.8°C [18].

P (C0;) Man™ mi11~l
6001
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400 +

2002 / M/ liter.

. 20 21 22 10°E(C0Mn 2 0 2 ¢ lzc) /5y %

Fig. 4. Absolute (a) and relative (b) concentrations of total inorganic carbon (x-
axls) in ocean as a function of the partial pressure of CO, (y-axis) at a tempera-
ture of 5°C (1), 10°C (2), 15°C (3), 20°C (4).

The flux of excess total inorganic carbon from the UQHL in depth in equation (2)
is considered to be proportional to the deviation of the concentration c(t) from
the equilibrium value cy which prevails in the UQHL at the time t = O. Such an as-
sumption is usually made in box models for describing the cycling of carbon between
different reservoirs. The principal feature of box models is the hypothesis that
the flux from the box i into the box j at each particular moment in time is pro-
portional to the deviation of the content of the impurity in the i-th box nji from
the equilibrium content NQ in this same box: Iy = kji“i = kji(Ni - NO). The very
same applies to the flux %rom the box j into the box i: Ijx = kjinj. For fluxes
associated with photosynthesis and the biological release of COj during the oxida-
tion of humus such a hypothesis is natural. However, in describing the processes
of transfer through the discontinuity between the ocean and the atmosphere and ex-
change between the UQHL and the deeper layers it is necessary to take into account
the conditional character of the box models. The kjj coefficients are conditional
parameters and in a general case do not satisfy the principle of reciprocity of
the kinetic coefficients: in order that at equilibrium the content of the impuriEy
remain constant in each box it is necessary to satisfy the condition

k‘ljllkﬂ = N}’/’N‘}.

which is compatible with the equality kij = kji only when N? = NL-). However, if kij=/E
kji’ the total exchange flux Iy - Iji in the last analysis i3 not found to be
proportional to the difference in the concentrations of the impurity near the dis-
continuity.

- Equation (2) contains the real, rather than conditional diffusion parameters Vi and
Vind -
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The assumption that there is a proportionality between the flux in depth to the c-cq

- value is related to the fact that, first of all, the ocean below the UQHL is con-
sidered an infinitely large reservoir in which the concentration retains an equil-
ibrium value, and second, since the activity of the oceanic biomass is not taken
into account in the computations, this equilibrium value should be equal to cg.

In actuality, since the settling of particles of organic carbon from the surface
into the deep layers was excluded from our computations, the presence of a small
compensatory flux of total inorganic carbon, directed upward and caused by the
supersaturation of deep waters is also excluded.

For Vg4, which represents a value inverse of the diffusion resistance of the block-
ing stratified layer directly adjoining the lower boundary of the UQHL, at the pres-
ent time the mean global value has not yet been ascertained, It is known that the
turbulence characteristics in this layer are highly dependent on the temperature

and salinity drops and have a very great spatial and seasonal variability.

A Vpq evaluation can be obtained using data on the relationship between the content
of radiocarbon 14C in the UQHL and in the deeper layers of the ocean obtained in
numerous measurements prior to the beginning of nuclear tests in the 1960's, as a
result of which thé‘natural distribution of l4¢ was disrupted. These data are usual-
ly used in evaluations either of the coefficients describing gas exchange with the
atmosphere or the effective thickness of the upper layer of the ocean [40]. Since
the effective rate of gas exchange with the atmosphere Vi was determined in [2] on
the basis of independent considerations, and the natural thickness of the UQHL is
used as the thickness of the upper layer of the ocean, the 14¢ gistribution can be
used for evaluating the Vpq parameter (and also for checking the Vi, value).

Radiocarbon was formed in the atmosphere from nitrogen 14y under the influence of
cosmic rays with a mean intensity Q from 1.8 to 2.5 atoms/ (cmZ+sec) or from 0.58-
104 to 1.05-10% g/year, Its relative content by mass in the atmosphere prior to
nuclear shots was 14c/12¢ = 1.24+10712, The decay constant for radiocarbon A is
8000 years. The relative content

14,/12
_ (Fe/tioyyg
<1 ¢/ C)atm

is somewhat less than unity and the corresponding ratio in the deeper layers 52
is less than ¢ j. With maintenance of a stationary 14c content this ensures a
continuous radiocarbon flux from the atmosphere compensating its radioactive decay
in the ocean.

Accordingly, the following relationships must be satisfied
N T
FI“—"I)=T(21'“|+22°2): (4)

2, 0y

Vg S0 3 =3 =4 (5)

27

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030065-3



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030065-3

FOR OFFICIAL USE ONLY

According to data in [35], 51 is equal to 0.96, Jz = 0,84, Formula (4) gives a
VL value equal to 64+10~% cm/sec. This is somewhat greater than the value 39°:107
co/sec which we used, but it is necessary to take into account that the error in
computing the V; value in accordance with formula (4) is very great: a change in
P 1 by £0.02 changes the result by +40%.

Using formula (5) it is possible to compute the Vnq value. It is equal to 4.75 m/
year or 1.5:1077 cm/sec.

Similar estimates (1.25-10'5 cm/sec) of vertical velocities Vmd in some circulation
models of the ocean are given in [9]. In [34], on the basis of data on the prop-
agation of tritium in the ocean, which had been formed in the atmosphere as a re-
sult of nuclear tests, it was found that Vgpq = 2.5:10~2 cm/sec with a thickness h
equal to 100 m. Evidently the effective global mean value of the parameter Vpqg

for gas exchange processes fell within these limits, that is, from 1 to 2.5+1073
cm/sec.

Biomass Reaction

The continental biomass, like the ocean, probably should also be an absorber of
anthropogenic COZ' An increase in the intensity of photosynthesis with an increase
in the CO, concentration under laboratory (greenhouse) conditions 1s a well-estab-
lished fact.

In the time interval during which the system did not change greatly the equations
for the carbon content in living yl and dead biomass (humus) can be written in the

following way: | .
/I'\' _ ‘g X ".l i
L P.,(l +Ein ) X

Yo ol

(6)

dv _ P vd
T =037 —-l- - (N

where €t and 449 are the characteristic times of relaxation of living biomass
and humus respectively,‘ﬂ is a coefficient characterizing the reaction of the bio-
mass to a change in the carbon dioxide content in the atmosphere. Under natural
conditions the value of this coefficient cannot be judged on the basis of data
from laboratory experiments since the increment of biomass can be limited by a
whole series of factors such as moistening, the quantity of nutrients, etc. How-
ever, in general the continental phytomass must increase the increment with an
increase in the x(t) function, since the present-day content of atmospheric car-
bon dioxide is considerably below the optimum for the photosynthesis process.

The methods for describing the biomass reaction adopted in different models [21,
31, 34] differ rather significantly from one another.

The system of equations (6) and (7) adopted in our computations is close to that
used in [34] with the difference that we assume the mean rate of oxidation of
soil humus is known on the basis of estimates of the global mean values of "soil
respiration" [10]. The same as in [34], equations (5) and (7) contain the assump-
tion of an invariability of the photosynthesizing green mass since the plants
strive to have an optimum surface,
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The breakdown of biomass into living and dead with the choice of a characteristic
"eurnover" time for each of them seems to us to be justified in a problem in which
the biota is considered only from the point of view of its properties as a C02
source and user. It is evident that only living hiomass can be a user of COj. In
general, both living and dead biomass serves as a source, but since it is the mean
annual primary productivity, and not total assimilation, which serves as an index
of intensity of use, the principal CO2 source is soil humus and the intensity of
this source should be proportional to yd. With such a formulation the times ¢

and 19 are determined somewhat more reliably than with the breakdown of biomass
into two parts with small and large characteristic "tumover" times, as was done,
for example, in [26].

Naturally, the yl value consists of a whole set of populations, to each of which it
is possible to assign its characteristic "turnover" time, but an elementary analy-
sis of the equation for yl indicates that under the condition of retention of the

total yl value and productivity Pj the details of such a breakdown exert little
effect on the computation results.

In solving the problem of biomass reaction to any changes in atmospheric gas compo-
sition it is necessary to take into account the fundamental circumstance that what-
ever increase there may be in the carbon dioxide concentration the biomass cannot
continue to increase indefinitely. There are restrictions on its increase due to
internal factors whic} must be reflected in the equation by the appearance therein
of the term yl(y1 - yo). The authors of [16] simply imposed a limitation of the mag-
nitude of the biomass. Keeling and Bacastow [26] introduced the function (t),
whereas the authors of [34] obtained a limited increase in yl only due to a limita-
tion on the W(t) function.

The introduction of a quadratic term into equation (6) leads to a natural limita-
tion on the biomass due to internal factors, but for the time interval during
which the increment is small this limiting term can be discarded. In this case sys-
tem (6)-(7) contains only one unknown parameter, for whose determimation it is pos-
sible to use the results of CO2 monitoring.

Use of Monitoring Data for Determining the ,3 Coefficient

1f AW is used to denote the total industrial discharge of CO2 into the atmosphere
during the time interval At, the following expression must be satisfied

QW:-‘AX'*'A)"‘:'A,V“J‘-\ZI"}"\Z'I' (8)
2 I A 2y Az, ‘ A 2 A2y
Inter- N - 1 v
[) X -
val + K 5 <
= Vid = 1,25.107 de=2,-")-l0_"
1 84 113,4 53 l 104,4 9 22 9 44
1l 79 91 42,5 54,4 6 14 6 28
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Data on the AW value for the years 1860-1958 (I) and 1958-1978 (II), in accord-
ance with [36], are given in the table. This table gives the corresgonding Ax
values taken from the graph (Fig. 1) with a value x0 = 290 million™t. In comput-
ing the Ay and A z values by use of equations (2), (6) and (7) during these same
time intervals the x(t) function was approximated by two segments of the exponen-
tial curve:

t - 1860 — 10~
for interval I j;'eA'( )' A, =82-107 year'l; ®
1} . P

x A= 1958)

for interval II = = ,

(10)
where X; = 315 million'l, Ay = 3.08-10"3 year‘l.

The system of equations (6)-(7) is such that the increment of biomass, both living

_ and dead, is proportional to ﬂ . An analysis of its solution with functions x/xo
of the type (9) and (10) shows that variation of the parameters y% and y, in che
range +257 exerts little effect on the results of computation of Ay (in the limits
10%). In addition to combustion of fossil fuel, some additional €O quantity will
enter the atmosphere as a result of cutting of forests.

The entry of CO2 into the atmosphere accompanying the procurement of wood repre-
sents some part of the annihilated biomass. There is also the uncontrollable anni-
hilation of forests. According to estimates [31], the existence of uncontrollable
factors in human activity means that the real quantity of anthropogenic C02 enter-
ing the atmosphere will be AW(l +X), where of falls in the range 0.35-0.15. If it
is assumed that in interval I &7 = 0.35, and in interval II &y = 0,15, then the
reduction of the balance in the table with a mean value Vpg will give }51 = 0.18
and }311 = 0.40, It is evident that the error in determining by this method is
very great; it is even difficult to estimate quantitatively because the parameters
01 and ®y1 are very uncertain.

The value of the,B parameter can also be determined by another independent method by
monitoring the atmospheric content of the isotope “°C. The atmosphere and the bio-
sphere, as well as fossil fuel, contain different quantities of the nonradioactive
isotope of carbon 13¢ (J'13Cat = -7%/00, d Chio = ‘§lacfuel = -259/00, where

C is the deviation of the 13C content in different reservoirs from the stan~
dard (1.237%)). Since fossil fuel and biomass contain 13C in a volume 189/00 less
than the atmosphere, the discharge of CO2 in the combustion of fuel, and also any
change in the biosphere cause changes in the content of 13¢ in the atmosphere,

The measurements made by Keeling, et al. [27] indicated that from 1956 through 1978
the atmospheric content of 13¢ decreased from -6.69 to -7.24%/00, that is, by
0.55%/00. During this period the atmosphere received 79 Gt of COp due to the carbon
in fossil fuel. The total reservoir which received this excess COy with a reduced
13¢c quantity is approximately 3.3 xg (without allowance for the fractionation of
isotopes). These data make it possible to estimate the change in biomass in these
22 years. In actuality, if the atmospheric content of 13¢ changed only as a result
of industrial effluent, then during the 22 years the change in the content of 13C

A (5 13c pp) would be determined by the difference A (J 1 Cruel~ $13Ca¢m) = -18°/00,
and also by the effluent and the total reservoir:
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(= 18° o) 33x% 0,7°/gp-

According to data in [27], during these years the decrease in atmospheric 13¢ cgn—
tent was only -0.550/oo. This means that the biomass partially replenished the 3¢
deficit due to its growth:

(180 3L = (= 07 +0.550%, 3y =17 G,
Using the results of computations for Ay on the basis of equations (6)-(7), we as-

sume Ay for these years to be equal to 24.6B + 29.8ﬁ= 54.4B . Then the estimate of
B on the basis of the change in atmospheric 13¢ content gives 0.3l.

1990 00 2000 2000 200

Fig. 5. Distribution of anthropogenic carbon dioxide between atmosphere (1), contin-
ental biomass (2) and ocean (3) with ﬂ =0.3, Vpd = 1.25-10% cm/sec. The curve 1'

corresponds to Vpd = 2.5-1072 cm/sec. The inset shows the Ax/A W values in % for the
year 2030 as a function ofﬁ. S L T

'0;:7, (68, man”t million'1

1 &
a) ! H /
' J !
! N
soor ; i
oy o

100

15'50 2000 2000 2020 (051 90 " 400

Fig. 6. Temporal variation of CO concentration in atmosphere (a) and dependence of

concentration in 2030 on quantity of combusted fossil fuel within limits of range
defined in Fig. 3 (b).
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Results of Computations of Changes in Atmospheric CO; Concentration to 2030

Computations of the distribution of anthropogenic carbon dioxide between the atmo-
sphere, ocean and biomass were made on the assumption that the entry of COp into
the atmosphere occurs at the rate dW/dt corresponding to the most probable curve
shown in Fig. 3. Accordingly, the total discharges A W beginning in 1980 will be
as follows: in 1990 -- 63 Gt, in 2000 -- 155 Gt, in 2010 -- 297 Gt, in 2020 --
494 Gt, in 2030 -- 788 Gt. The basic computations were made for a Bvalue obtained
using data from the monitoring of 13¢, that is, 0.3, and for two Vpq values: 1.25°
103 cm/sec and 2.5+10~5 cm/sec. The results are given in Figures 5 and 6. Figure
5 illustrates the percentage distribution of AW among the three reservoirs. Its
characteristic feature is that in that time interval when dW/dt is increasing the
fraction of industrial CO» remaining in the atmosphere is increasing. This occurs
due to the great inertia of the ocean reaction to atmospheric disturbances. The
fraction from the biomass remains approximately constant. The ratio A x/AW, equal,
according to monitoring data, to 43.5% in 1970, agrees well with extrapolation of
computations for Vp4 = 2.5°1079.

Variants of calculations with Vpgq = 1.25-1073 and f;= 0.3 and with Vpq = 2.5-107°
and B = 0.15 give values of the temporal variation of atmospheric CO2 content
coinciding within the limits 5 million~l. This function is also shown in the last
graph (Fig. 6). This also illustrates the influence of the total quantity of in-
dustrial discharge in 2030 on the x values for this same year. The influence of in-
dependent variations of the B and Vpd parameters is illustrated by the inset in
Fig. 5. The results of computations by the models of the carbon cycle for 2020-
2040 mentioned at the beginning of the article fit approximately into this same

A x/AW range.

In one of the recent studies of this subject [37] there is an analysis of limiting
variants of the development of energy during the next 50 years. In the first vari-
ant the rate dW/dt of industrial effluent ceases to increase beginning in 1975 and
remains equal to approximately 5 Gt/year. In the second the mean annual increment
remains constant and is equal to 4.5% per year. In this case the dWw/dt value by
2030 will become e2-25, that is, 9.5 times greater than at the present time, that
is, 50-60 Gt/year. The doubling of the CO2 concentration in the atmosphere by 2030
which we obtained corresponds to an intermediate variant in which the rate of in-
dustrial effluent will increase by 2030 to 26-30 Gt/year. In this case the total
magnitude of the anthropogenic COp effluent will be about 800 Gt, which is consid-
erably less than the reserves of fossil fuel available for use, the quantity of
which is estimated at from 5000 to 10 000 Gt.

The authors express their appreciation to M. I. Budyko for initiating this study.

Kk dekkkk
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UDC 551.(591.24+576.4)

EXPERIMENTAL INVESTIGATION OF THE CORRELATION BETWEEN THE METEOROLOGICAL RANGE OF
ISIBILITY AND ALTITUDE OF THE LOWER CLOUD BOUNDARY

Mosccow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 32-38

[Article by Ye. R. Milyutin, candidate of technical sciences, and Yu. I. Yeremenko,
Leningrad Electrotechnical Institute of Communication, manuscript received
24 Jun 80]

[Text] Abstract: On the basis of an analysis of ex—
perimental data a study was made of analytical
representations of real probabilistic distribu-
tions of the altitude of the lower boundary and
the quantity of clouds. The correlation and re-
gression relationships between the meteorological
range of visibility and the altitude of the lower
cloud boundary are determined.

The results of measurements of atmospheric transparency in horizontal and vertical
directions are used extensively in a number of technical applications (optical com-
munication, aviation, etc.). A universal characteristic of transparency in a hori-
zontal direction is the meteorological range of visibility Sy (MRV), the finding of
whose analytical form of the probabilistic distribution law was the subject of a
study by the authors {15].

In many cases (in optical sounding, in optical communication on slant paths, in avi-

ation, etc.) a knowledge of the altitude of the lower cloud boundary Hj., is also

of great practical interest. Accordingly, attempts at determining the statistical
- correlation of Sy, measured at many meteorological stations, and Hj,y,., that is, in
other words, attempts to find the correlation between horizontal and vertical atmo-
spheric transparency in the presence of a cloud cover, are extremely timely. This
problem was examined in a number of investigations [2, 7, 8, 12] in which the in-
fluence of low-lying clouds on the MRV was noted, but the correlation between Sy
and Hy,, was evaluated only qualitatively.

In this study we will determine the empirical probabilistic distribution functions
for Hyqy, and the quantity of 2louds N (in tenths) and a study is made of their sea-
sonal and annual changes. On the basis of an analysis of the experimental data a
study 1s made of analytical representations of the real distributions and the cor-
relation and regression relationships between the random Sy and Hoy Values are
found.
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Fig. 1. Variation of monthly changes Eg and E& for 14 years (1) for first (2), sec-
ond (3) and third (4) periods.

As initial data we used the results of MRV observations for 14 years (1964-1977)
made at Leningrad meteorological station. Duriag the first period (1964-1968)

the observations were made visually and in the second period (1969-1972) both vis—
ually and by means of a range-of-visibility recorder. During a third period (1973~
1977) only a range-of-visibility recorder was employed, The total number of observ-
ations was ng = 122 736.

Curves of the monthly changes in the sample mean E; both for individual periods and
for 14 years are shown in Fig. la, where the sequence number for the month of the
year is plotted along the x-axis.

At the same time we processed observational data on the quantity of clouds (N) which
was registered eight times a day. The total number of observations was ny = 40 912.
The results of space and aerological observations in this case could not be used
because we were interested in the state of the cloud cover within a stipulated solid
angle of the celestial hemisphere viewed from a definite point on the earth's sur-
face.

On the basis of data on N we computed the frequencies of occurrence of the quantity

of clouds in the range from 0/10 to 10/10 with a 1/10 interval for each month: and
as an average for the year, after which we constructed graphs of the accumulated
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frequencies (Fig. 2a), representing statistical analogues of the dictribution func-
tions F(N) and making it possible to find the probability P that N wiil be greater
than some level., The empirical distribution functions shown in Fig. 2a at the points
N =0 and N = 10 have discontinuities of the first kind, which makes their analytical
description quite difficult. These peculiarities in the behavior of the distribution
are attributable to the fact that in temperate and polar climates it is most common
to observe values N = O and N = 10 [23]. In addition, we computed sample mean my

and upbiased competent evaluations of the dispersion Dy. The results are given in

the table and Fig. 1b shows the curves illustrating the monthly changes My e

An analysis of the results for 14 years indicated that the minimum quantity of
clouds is observed in June and the maximum quantity is observed in November; even
in June mN)>6, and P(N> 5)> 0.61, which confirms a considerable influence of cloud
cover on atmospheric transparency in a vertical direction. However, as indicated in
Fig. 1b, there are also deviations from the mean values, for example, in the first
period the cloud cover maximum fell in December, which agrees with the conclusion
presented in [4] on the basis of the results of observations of clouds in approx-
imately these same years.

Then we determined the distribution function for the altitude of the lower cloud
bhoundary, the quantity of which exceeds 5/10. We processed data from monthly ob-

; servations of Hjqo, during 1964-1968 made using a cloud-altitude measuring apparatus;
oy = 43 848. All Hjow in accordance with ICAO recommendations are put into 12 inter-
vals in order that in the subsequent computations it would be possible to use data
from meteorological stations at the international airports of the ICAO0 member coun-
tries.

The sequence for the further statistical processing of observations was the same

as in the preceding case. The determined my values are given in the table, from
which it follows that the minimum mean altitude of the lower cloud boundary was
observed in January and the maximum altitude was observed in June. In an analytical
description of the distribution function Hjgy we used the same set of distributions
as for Sy [15].

The computations made on an electronic computer indicated that according to the
Kolmogorov consistency test the most acceptable approximation of the real dis-
tributions for the spring and autumn wonths, and also the mean annual distribution,
is a truncated normal distribution (Fig. 3), whereas for the summer and winter
months it is a Rayleigh distribution (Fig. 3b). The derived dependences make it
possible, using the data in [4] on the relationships between cloud altitude and
type, to evaluate the attenuation of optical radiation in the cloud layer.

By comparing the behavior of the curves of monthly changes of the parameters Eg,
mﬁ and my during the first period (Fig. 1,a,b and the table) it can be seen that
the maxima of the mgy and my curves and the minimum of the my curve are observed

in June, whereas the mg and my minima coincide in January and the oy maximum is
displaced to December.

For a quantitative evaluation of the degree of correlation between Sy and Hyoy We
compiled correlation tables with gradations of Sy and Hjgy, established earlier,

for each month and as an average for the year. Using the data in the table we
38
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computed the corresponding correlation coefficients T and the correlation ratios
ausing the known formulas [1] '

e R Cee
Z zﬂusmh'nj—"n"'smﬂ (1)
i=1f=1

(ny— 1)V DsDy

g = 1 14 _ — (2)
"a—ﬁmg nlmy (Su)—my)

r=

i=

[y

where [HH. = Hlow]

e g
— [ H 1
mH(S,,,) =M [S: = Snl] = "_iz "‘lIH“l

I=1
is the conventional mean Hjg, value with Sy = Sy 4, Hj,, 4 1s the middle of the j-th
intervals of the Hj,, values, njj are the frequencies of combinations of the values

_ SM = SM i with H].OW = HlOW j-
The results of computations using formulas (1) and (2) are given in the table.

The significance of the correlation was determined in the following way. According
to [14], in the case of large volumes of the sample ny (ny> 80) the r value is con-
sidered considerahly different from zero i1f the following inequality is observed

ny—2 }”T
£ ’

k3

r> [1+ (3)

where toe is the critical value of the Student t-distribution with (nH ~ 2) degrees
of freedom, corresponding to the selected significance level &4 (0<x43<0.5).

The critical value tx = tong _ 2 (043) is a solution of the equation
Sny—2(t)=1— 3, (4)
where an_z(to(,) is the Student distribution function.
We note that with nH.2>80 it 1is possible to use the approximate equation
SnH_Q(t1)20,5+ D, (2,1, (5)
where éo(tx) is the tabulated integral of probabilities,

- In addition, with large ny the_? value approximately corresponds to a normal dis-
tribution with the dispersion D n-’l/nH(l - ?2)2, which makes it possible to evalu-
ate the r value using the confidence coefficient Y'[8],

=P |;_— 4 "/z__): <r< b '/_-D—,l =2 D, (¥) (6)
Computations made using formulas (3)~(6) show that for all months the T and 77 val-

ues differ considerably from zero even with small &4 = 10 and a high confidence
coefficient }/= 0.99, which demonstrates the presence of a stable correlation.
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0% % 7 nfwmy N tenths

Fig. 2. Empirical distribution functions N (a) and regression dependence of Hyogw
on Sy (b). 1) mean annual, 2) for November, 3) for June, 4) for January.

ms KM m - - _
¥ tenths | myx | 7 3
Ll Lo faged 0 ] 0 | J1ayrd

January  |6,81|7.49] 7,000 700 | 7.0 | 7,88 | 7.8 | 7,70 560,89 [0,219(0,239
February (6,84]7.32/6,33| 6,81 |7.53|7.59 [ 5.09 | 7.64 | 638.88 |0.358 (0,372
March 8.0118.00/6.99| 7.64 | 7,02 | 6,08 | 7.38 | 6,92 | 723559 |0.475|0.477
April 8,6315.3118,50| 8,49 16,68 | 7,07 | 7,23 | 6,99 | 917,12 |0,614]0.619
May 9.3919,36]9.24] 9.33 [ 6,38 | 5,97 | 6.64 | 6.37 [1238,82 [0.411 0,415
June 9,54(9,50(9,30! 9 44 | 5.57 | 5.51 | 6.90 | 6,03 {1318]13 |0.495!0.495
July 9,5219.4518.96! 933 16,16 ; 5,68 | 6.62 ! 6.19 11313555 10.42610.433
August 9.14|8.88 8,96]9,00}6.70 1 6.36 | 6.89 | 6,67 1211,9 |0.509|0.516
September :8,72{8.75!5.931 581 | 6.95 [ 7.25 | 7.94 | 7.14 1024.04 |0.505|0.708
October  '8,75)8.698.2218.55 ' 7.84 | 824 | 7.95 | 8,00 787.68 |0.425|0.429
November 7,95|7,93(7.27|7.70 | 8.49 | 8,54 | 8,93 | 8,66 ! 61801 |0,4120.41s
December 17.50 7.68]7,42| 7.53 | 8.9 | 824 | 8.76 | 8155 | 57989 |0.364 |0.383
Mean annuals.« 8.45!8.12; 8,52 17,10 | 7103 | 7.52 | 7.23 | 886,72 |0.499[0,503
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Fig. 3. Probabilistic distributions of lower cloud boundary. 1) mean annual, b)
mean monthly; 1, 4, 7) empirical, 2, 5, 8) truncated normal, 3, 6, 9) Rayleigh;
4~6) for January, 7, 9) for June.

It follows from an analysis of these results that the greatest r and 7 values are
attained in April and the minima are attained in January. In general, however, the
correlation in a number of spring and autumn months exceeds the mean annual values,
whereas in the summer and especially in the winter months it drops below the mean
annual level. This phenomenon is evidently explicable on a physical basis as fol-
lows: in summer the altitude of the clouds is greater and therefore the cloud
cover exerts a lesser influence on the meteorological range of visibility measured
in the surface layer of the atmosphere, whereas in winter, despite the low cloud
cover, and in part also due to this circumstance, such phenomena as snowfalls,
etc. frequently occur which exert a stronger influence on the MRV than do the low-
est clouds directly,

Regression lines for Hjoy and Sy were constructed in the form

Hyow -
" o) ‘["@r " 1]

for each month and as an average for the year, shown in Fig. 2b, in order to be
able, on the basis of the measured Sy values, to estimate the Hjq, Value and thus
determine atmospheric transparency in vertical and slant directions.
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The regression lines have the property that among all the real £(S) functions the
minimum of the mathematical expectation

[Hy = Hygy) MUIH, - f(SIF) =Dy 1 =1) (7)

is attained for f£(S) = H(Sy i), that is, the Hj,,~S, regression gives the best
. (with respect to the minimum of the standard deviatyon) representation of the Hjq,~
SM value [14].

_ It is known that on the basis of the difference in r and ﬁ (T?a—f) it is then pos-
sible to evaluate the closeness of the two-dimensional distribution of Sy and Hjgy
to a normal distribution, that is, the closeness of the regression curve to a linear
dependence. From an analysis of the graphs shown in Fig. 2b and the data from the
correlation tables it follows that the regression curves for the summer, and also
for some spring and autumm months can be satisfactorily approximated, using the
Kolmogorov test, by a linear dependence in the form

=

. - —_ D -
H(&ul) =my, +r ‘/ “5:(' (S.\ll - m). (8)

The dispersion of the Hj,, distribution relative to the regression line (8) is de-
termined by expression 7‘5'.

For the winter months the regression becomes essentially nonlinear. This circum-
stance indirectly confirms the above-mentioned explanation of the peculiarities
. of seasonal changes of the r and N parameters.

The following conclusions can be drawn from the materials cited above:

1. The minimum mean quantity of clouds for a l4-year period is observed in June-
July when it is about 6/10; then_the my values increase monotonically, attaining
a maximum in November-December (mN> 8.5/10), after which they also monotonically
decrease. The corresponding mean probabilities of appearance of considerable cloud
cover P(N>5) = Py vary from Py = 0.61 with minimum cloud cover to Py = 0.87 when
there is maximum cloud cover.

2. During the period from 1864 to 1968 the minimum mean altitude of the lower cloud
boundary was observed in December-January (mH<:600 m), and the maximum -- in June-
July (myg> 1300 m). For the summer and winter months a satisfactory approximation
of the real distributions of the altitude of the lower cloud boundary is a Rayleigh
distribution, whereas for all the remaining months a truncated normal distribution
is best.

3. It was established that there 1s a considerable correlation between the SM and

Hio random values. For the entire analyzed period this correlation (correlation
coefficient and correlation ration) increases in the spring and autumn months,

attaining a maximum in April (r = 0.61; —Y_I- = 0.62); it decreases somewhat in summer
and decreases sharply in winter with a minimum in January (¥ = 0.22; ‘rl = 0.24).
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Thus, on the basis of measured Sy values, using the constructed graphs of the re-
gression dependences, it is possible to estimate the Hjgy Vvalue with a stipulated
probability.

In their totality the results, in the presence of cloud cover, make it possible to
estimate atmospheric transparency in slant and vertical directions on the basis

of the known values for horizontal transparency.

In conclusion it must be noted that although the numerical computations were made
on the basis of observations in Leningradskaya Oblast, the proposed method is ap-

plicable for different geographical regions, thereby making it possible to find
some general dependences.

The authors express appreciation to Professor K. S. Shifrin for useful discussions
of this work, in many respects favoring an improvement in its content.
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RUNNING CONTROL AND EVALUATION OF ALTERNATIVE MODELS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 39-45

[Article by N. K. Sharifullin and L. N. Romanov, candidate of physical and mathe-
matical sciences, West Siberian Scientific Research Institute, manuscript receiv-
ed 21 Jul 80]

[Text] Abstract: The article describes a method for
realizing a rapid running control for the pur-
pose of obtaining evaluations of linear alter-
native models. Also considered are modifications
of rapid running control, making it possible to
evaluate the models in a case when the initial
situations are represented by a chronological
series. The effectiveness of the algorithms is
illustrated in the example of a short-range pre-
diction of frosts with the use of a sufficiently
long series of observations.

Introduction. An evaluation of statistical models is an important and necessary
stage in their formulation. The principal difficulties in such an evaluation arise
due to the shortage of a priori information, expressed in the -absence of a suf-
ficiently long series of observations. When there are limitations in the initial
sample the evaluation of a model is usually made on the basis of some statistical
tests. The effectiveness of such an evaluation is essentially dependent on the
complexity of the simulated phenomenon. In the case of a sufficiently complex dis-
tribution of situations in multidimensional space an evaluation made using stan-
dard tests can lead to a false idea concerning its effectiveness.

The most universal method for evaluating statistical models is running control
[1]. This method, making it possible to obtain adequately reliable evaluations of
a model when there is a short sample of situations at the same time has limited
application possibilities due to the great expenditures of computer time.

The authors of [4] presented algorithms for rapid running control making it pos-
sible to evaluate linear regression models which are formulated using a suf-
ficiently great volume of statistical material. The use of the "ordered sorting"

method [5] for the purpose of constructing a hyperplane separating classes also
allows a rapid realization of running control, but such a realization is possible
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only when this method is employed. In this article we describe a method for real-
izing rapid running control in evaluating a linear alternative rule obtained by
any method. The algorithms presented in this study also make it possible to
choose the optimum dimensionality of situations by successively obtaining eval-
uvations of running control for different combinations of initial parameters.

Modifications of running control. Running control involves the successive "ex-
traction" of situations from a teaching sample and in these situations the check-
ing of the quality of operation of a model formulated in the remaining situa-
tions. In each case extracting one situation, it is possible to obtain evalua-
tions of the model in all situations represented by the initial sample as if us-
ing independent material. In this procedure the length of the teaching sample is
reduced by only one situation. The principal requirement imposed on the initial
material in the implementation of running control is the statistical independence
of the situations intended for formulating the model and evaluation of its qual-
ity. In other words, the initial situations must be obtained randomly and inde-
pendently in accordance with some fixed distribution. In the formulation of a
weather forecasting model the initial data usually represent synoptic situatioms
taken successively in chronological order, as a result of which the requirement
of independence of situations is not satisfied. The carrying out of running con-
trol on the basis of such material can lead to an understatement of the error in
running control in comparison with the mean error of the model being tested.

Two modifications of the implementation of rapid rumning control are possible in
order to avoid the mentioned effect. The first modification involves the success-
ive elimination of not one situation, but some group of situations (usually groups
of three situations) and computation of the error for the group in the middle. The
subsequent exclusion and inclusion of situations is accomplished one-by-one in
chronological order in such a way that in the teaching material in each case a
group of situations of an a priori stipulated size is absent. In such a modifica-
tion teaching will be accomplished using N-k situations and the error in running
control involves N-k+l1 situations, where k is the iumber of situations in the group
and N is the total number of situationms.

Another modification which can be used in the case of a chronological arrangement
of the initial situations involves their one-by-one inclusion in the teaching mat-
erial. For this purpose there must be a priori restriction of some group of situ-
ations and then situations are included in this group one by one, each time refin-
ing the model and computing the error for the situation corresponding to the later
time of its appearance. If the initial group for teaching is selected from ﬁ situ-
ations, the evaluation of running control in this modification can be obtained
using N-} situations. For greater clarity we will call the second modification
control by a refining model.

Both the above-mentioned modifications of running control allow their rapid real-
ization if the "supplementation" method is used for this purpose [7].

Discrimination of informative situations. Assume that the hyperplane

Y aix—c=(ax) +c=0, (1)

i=1
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constructed by any method, separates the initial set of situations (xl,...,xN)
into two sets corresponding to different classes. In such cases the separation
can be both complete and with errors.

We will apply the term "informative situations for a stipulated hyperplane" to
those situations which unambiguously determine the hyperplane situated precise-
ly in such a way relative to the sets to be separated. If the initial hyperplane
separated sets with errors, sets should be divided with these very same errors
using a hyperplane determined by informative situations.

In order to discriminate informative situations for the hyperplane (1), we will
move it in multidimensional space parallel to itself until the next situation is
encountered. Such a movement can be accomplished by a change in the free term c.
Assume that the situation xkj was closest to the hyperplane. Setting the new po-
sition of the hyperplane at Xk1s We will gradually change its orientation by a
change in 1 until the hyperplane comes into contact with the new situation xk.,.
Then fixing the new approximation at the two points Xk1 and *ky, We similarly
find a new hyperplane by a change of the coefficient 2, etc. Thus, it is pos-
sible to discriminate n situations

» veey Xh .p (2)

determining the new hyperplane Ao - - -
Y 3ixt+D=(Bx)+D,
izl (3)

having the same positioning relative to the separating sets.

Since the variation of the coefficients of the separating hyperplane (1) is possible
both in the direction of thelr decrease and increase, the new hyperplane (3) is not
unique. However, any hyperplane derived from (1) in accordance with the rule de-

scribed above has the property of having the same situations, including erroneous,
like the erroneous situations for the hyperplane (1).

In actual practice the discrimination of informative situations for a stipulated
hyperplane can be accomplished using the "ordered sorting'" method [5]. The algo-
rithm was formulated in such a way that the initial approximation is successively
improved only in the sense of a minimum number of errors and this improvement is
brought about by a replacement in the system of base vectors, the final set of
which constitutes the informative situations.

In exactly the same way the discrimination of informative situations can be accom-
plished using the algorithm described in [6].

Algorithm for rapid running control. It was demonstrated in the monograph [2] that
with an error-free separation of situations by means of a hyperplane it is suf-
ficient to carry out running control only in informative situations. Nevertheless,
the process of constructing n hyperplanes in n~dimensional space can be quite un-
wieldy.

We will examine an algorithm which makes possible the rapid realization of the runn-
ing control procedure.
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Assume that the hyperplane (3), for which the informative situations are already
known, is intended for separation of the sets X; and X;. This means that for most
of the situations from the initial sample there is the system of inequalities

Bx)+D>0 with x€X,,
(3 xi) +D=0 with .\‘Ie 4\:_.. (4)

Introducing an additional parameter in each situation, equal to unity, and also
changing the sign for the situations in the set Xj to the opposite (see [3]), the
inequalities (4) can be written in the form

(vxp=1.

Thus, all the initial situations can be divided into three groups in dependence on
their positioning relative to the hyperplane. We assign to the first group the
situations for which there are inequalities (Yxi)>l; to the second we assign the
informative situations (7'xi) = 1; and to the third group we assign situations for
which (7¥'x;) <1l. Corresponding to these groups we can form three matrices A, B and
C, of whicxﬁ B is square and A and C are rectangular., It is evident that the first
two matrices consist of properly classified situations, whereas the C matrix con-
sists of erroneous situationms.

Assume that there is inversion of the B matrix, determining the vector of the hyper-
plane .

‘Y=B_l[. (5)

where I is a vector with unique components.

In order to check the next informative situation we will eliminate it from the C
matrix and in its place we will alcernately substitute all the situations corres-
ponding to the rows of the A matrix and correct the vector (5) until there is a
complete separation of the situations from A and B, The correction of the B~1
matrix is accomplished using the recurrent expression

by (xx—by) B;‘,

-1 = R~} —
6 BP Xp by

p—1
where by is the )-th row of the Bp matrix, bj is the {-th column of the 351
matrix.

The new approximation of the Y vector is determined using the formula
“'p_:_] = B;ﬁl—l l.

After the approximation of the Y vector is found, the situations of the C matrix
are examined and the number of those correctly recognized from C is "stored." The
situation excluded from B is checked simultaneously for the correctness of recog-
nition.

Then another situation is excluded from among the informative situatioms, the earl-
ier excluded situation is put in its place, the hyperplane separating the classes

is corrected, situations from C and the excluded situation are checked for
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the correctness of recognition. The process of exclusion and checking is repeated
n times until all the informative situations have been exhausted in this way. The
probability cf an erroneous classification in this case will be evaluated using

the expression o )

_®-b+r
P = N )
where 8 is the number of erroneous situations in the initial matrix C, t is the
total number of situations from C correctly classified after each correction, r
is the number of incorrectly classified informative situations.

Experiments. The examined modifications of running control were realized in the
form of programs in ALGOL language using a BESM-6 computer and were tested using
data intended for a 24-hour prediction of frosts at Novosibirsk. The prediction
was made using data from surface observations obtained from eight stations in
southeastern Western Siberia and consisting of temperature, pressure and dew point
values. Thus, each situation included 24 parameters which hypothetically should
determine the presence or absence of frosts (t£4°C) at Novosibirsk after 24 hours.

" One of the first experiments to be carried out was one which would make it pos-—
sible to confirm the assumption of an equivalence of the considered algorithm to
ordinary running control. For this purpose, using a relatively small amount of
statistical material (24 x 100), we carried out running control with one~by-one
elimination of situations and the complete restructuring of the hyperplame for all
the remaining situations. Since the initial 100 situations were divided by means of
the hyperplane without error, complete running control did not involve great ex-
penditures of computer time. The rapid running control algorithm gave a saving in
computation time by a factor of 6. A comparison of the results indicated that the
number of errors in the rapid running control procedure coincides with the number
of errors obtained in the course of ordinary running control, We note that under
conditions of absence of linear separability the gain in computation time when us-
ing rapid running control can increase substantially.

Table 1 gives the errors in separation when using a hyperplane and the errors in
running control with different lengths of the initial samples. The table shows that
the running control algorithm makes it possible to evaluate models on the basis of
sufficiently large samples, although in this case the computation time increases
nonlinearly with an increase in the number of situations.

Table 2 gives the separation errors and the running control errors in a case when
there is alternate exclusion of a group of three situations arranged in chronolog-
ical order and the situation situated in the middle was subject to control. The
table shows that the number of errors in running control with the elimination of
three situations somewhat exceeds the number of errors obtained by successive elim-
ination of one situation for all the initlial samples. This fact is naturally at-
tributable to the statistical dependence of situations arranged in chronological
order and indicates that the errors in Table 2 are more reliable than the errors
in Table 1.

In investigating the behavior of the errors cited in Tables 1 and 2 we first of all
note a fact which at first glance may seem to be paradoxical: the percentage of
errors in running control increases with an increase in the length of the initial
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sample. This effect is evidently associated with the chronological arrangement

of initial situations, and also the presence of long-period weather changes which
are only partially characterized by the considered samples. A lengthening of the
series of observations, and also a sampling of situations from the stipulated set
by means of a detector of random numbers would make it possible to reduce the men-
tioned effect to a minimum.

Table 1
Errors in Separation and Running Control With Successive Exclusion of One Situation

Number of situations Separation errors Errors in running control  Computation

total 1st-class total 1st kind total 1st kind time

100 44 0 0 1 1 2'52"

200 76 6 3 10 5 5 04

250 93 12 5 9 8 8 32

300 109 20 8 30 15 12 22

400 146 34 13 52 24 15 19
Table 2

Errors in Separation and Running Control With Successive Exclusion of Groups of
Three Situations

Number of situations Separation errors Errors in running control  Computation

time
total 1st=-class total 1st kind total 1st kind
100 44 0 0 6 1 2'57"
200 76 6 3 18 7 6 35
250 93 12 5 30 15 9 24
300 109 20 8 32 13 13 04
400 146 34 13 53 24 19 47
Table 3
Errors in Successively Refining Model
Number of situations Number of errors
teaching examination teaching examination synoptic
558-594 37 57 6 8
50
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Table 3 gives evaluations of the refining model. Initially the separation was
carried out for 558 situations. Then the teaching material was gradually built up

- to 594 situations and an evaluation of the model was obtained using 37 situationms.
The table shows that then the reliahility of the model was rather high, which can
be attributed to the presence in the teaching material of situations closest in
time to the examined situation. As a comparison, the table gives evaluations of
synoptic forecasts obtained during this same period. In this case the comparison
with the synoptic forecasts is interesting in that the weatherman, in forecasting,
by means of allowance for the experience of the forecasts closest in time, in es-
sence uses the same scheme of a refining model.

We note that in the described experiments there was no variation of the number of
parameters determining the situation. Moreover, the choice of the initial para-
meters was accomplished purely formally, for the purpose of clarifying the possib-
ilities of rapid running control.

Summary. The examined rapid running control algorithms can be used not only for
evaluating linear models, but also for any alternative models formulated using
the criterion of the minimum number of separation errors. In this case a change-
over to an evaluation of a polynomial model requires only a preliminary transfor-
mation of the initial space for the purpose of its linearization.

The experiments described in the article are evidence of the constructive nature
of the rapid running control algorithms, which gives reason to hope for their suc-

cessful application for choosing the optimum number of parameters.

- The authors express appreciation to G. G. Polyakov for useful consultations.
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[Article by V. P, Gavrilov, candidate of physical and mathematical sciences, Insti~
tute of Experimental Meteorology, manuscript received 17 Jun 80]

[Text] Abstract: A study was made of the dispersion of
a passive Impurity from an instantaneous point
source in stationary and horizontally uniform
surface and boundary layers of the atmosphere with
a neutral stratification. Using the moments method,
on the basis of the semiempirical diffusion equa-
tion expressions are derived for the coordinates
of the center of gravity of the cloud of impurity
and its dispersions. With the availability of
experimental information on the diffusion character-
istics of the cloud of impurity the derived analytic-
al expressions make it possible to determine the tur-
bulent diffusion coefficients.

Many studies have been devoted to an examination of the scattering of an impurity
in the lower layers of the atmosphere. The diffusion of an impurity in the surface
layer of the atmosphere (SLA) over an even and uniform underlying surface has been
investigated relatively well experimentally and theoretically. The theoretical
models of description of scattering of an impurity in the SLA for the most part
are based on a semiempirical transfer equation of a parabolic type

aq ()1, _ o_(; _ﬁ(]_)
o e = (K eg ) L
where q is the mean concentration of the impurity, vi are the components of mean
wind velocity, Kij is the tensor of the turbulent diffusion coefficients.

The concepts of the dimensionality and similarity methods are also useful in an
examination of the dispersion of an impurity in the SLA. For example, the use of
the hypothesis of similarity of the Lagrangian statistical characteristics in the
theory of diffusion in the SLA leads to a determination of the dispersions of the
cloud of impurity created by an instantaneous point source. In addition, from
these very same considerations it is possible to obtain the surface distribution
of the concentration of impurity from a linear stationary source. But for an ade-
quate description of the process of tramsport of an impurity this approach, like
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others, 1s inadequate. Accordingly, it is most common to use the semiempirical
diffusion equation (1), which "leads" to a detailed description of the field of con~
centration and use is made of additional information obtained by other methods; es-
pecially the methods of similarity theory. In this equation the wind velocity pro=-
file is rather reliably determined, but the type of diffusion coefficients remains
unknown and their functional dependence is stipulated on the basis of different
considerations of experimental or model represeatation. The problem of the choice
of the type of coefficients in equation (1) constitutes a considerable, if not the
principal difficulty in this method for describing the dispersion of an impurity.
Dimensionality considerations simplify the problem — they fix the functional form
of the diffusion coefficients. but introduce a whole series of universal constants,
whose values are unknown.

The dispersion of the impurity in the atmospheric boundary layer (ABL) has been in-
vestigated to a far lesser degree. The simplest ABL models as a rule "determine"
the wind profile and the vertical coefficient of turbulent viscosity, which is
identified with the vertical coefficient of turbulent diffusion. We do not obtain
any information on the horizontal diffusion coefficients from these ABL models and
therefore it is necessary to have recourse to additional hypotheses or models of
horizontal scattering.

Due to the difficulty in choosing the turbulent diffusion coefficients during the
scattering of an impurity in the atmosphere it is desirable to use experimental
information on the diffusion characteristics of the cloud of impurity for ascer-
taining the type of diffusion coefficients or for determining the values of the
constants determining a stipulated functional type of transfer coefficients. In
this article we analyze one of the possible methods for determining the turbulent
diffusion coefficients from the diffusion characteristics.

Scattering of Impurity in SLA

Now we will examine in detail the application of this method in the example of
scattering of an impurity in the neutrally stratified SLA. Dimensionality con-
siderations for the SLA lead to the following relationships for the diffusion
coefficlents [2]
l4m 1-m _m

z t,

Kij (Z, t) =x§§l) ll*

(2)

where uz is dynamic velocity, ﬁ(m) are universal constants.

i3

By virtue of symmetry of the flow relative to the direction of mean velocity the
coefficients K32, Kpy, K3, K3y are equal to zero. Accordingly, the transfer
equation (1) for the SLA has the following form:

2q/2¢t + u(z)d a/d x = K113 2q/3 x% + Kpp 32q/dy% + 3/9z (X33 da/ Iz + K31da/ I x)
+ K13 aquaxaz- 3)

If the turbulent diffusion coefficilents are considered turbulence characteristics,
they must be represented in the form :
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Kij (z) = Vkij (zux/ v), (4)
where kij are universal functions, ¥ is the molecular viscosity coefficient.

Within the limits of the logarithmic region of flow, that is, with zux/v >1, the
dependence on Vv must disappear, that is

Kijj(z) = %ij“*z' (5)

The value of the constant )433, determining vertical turbulent transfer, is best

known. This constant is determined through the turbulent Prandtl number Pry and

the Karman constant ¥ ()44 = X*/Pr,) and according to data from a large number of
laboratory measurements [I1], %33z 0.45-0.47. Among the other constants only the
value of the constant X 3 can be considered at least approximately (with an accur-
acy to 15%) known [3, 12}: -~ x13 = 3.5. This value was obtained from measurements
of the horizontal turbulent flow of heat Sx = u'T' and the mean temperature profile

T(z) (Ky3 = - 8./ T/ dz).

Yamamoto and Shimanuki in [13] attempted to evaluate the transverse diffusion co~
efficient by a comparison of the empirical data on diffusion from point sources and
the results of numerical solution of the stationary diffusion equation

d_ _ 9 .')q. o 09 6
0 (2) G = oK) + 25 (Ko (6)

vith Ky9 values containing an undetermined parameter: Kog(2) = Yusz 04(50), where

® () is an unknown function dependent on stratification. Then for the purpose of
checking the adopted assumption concerning K99(z) the determined o(([o) values were
used in theoretical computations of the distribution of the concentration along the
y-axis with some x and z values, the results of which were again compared with the

experimental data. For a surface concentration along the axis of the cloud of impur-
ity with a neutral stratification and K22 = 13 Xuxz (that is, with%) the expres~

sion q~ x~1.78, agreeing well with the experimental data. *

It is difficult to determine the value of the constant )‘ll against the background
of longitudinal advection. Indirect evaluations of the K11 value on the basis of
laboratory measurements of the characteristics of turbulence in the boundary layer
[8] lead to a value )‘ll~4.5)‘33. In addition, there are evaluations of ¥ 11 based
on semiempirical hypotheses [6], leading to values )611/ %33~ 30-40.

Data on the X3j values are entirely lacking. There are a number of expressions
derived on the basis of approximate physical or qualitative considerations of the
type

1
g = fae R T o i gy o g

)

Thus, from a brief review of the estimated values of the constants )‘i- it follows
that evaluations of thesz constants were obtained from a broad spectrum of empir-
ical and semiempirical assumptions sometimes having an indirect relationship to the
process of scattering of an impurity in the SLA. The values of some constants are
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virtually unknown; others are not very reliable. Accordingly, it is entirely reas-
onable to derive expressions determining the behavior of some characteristics of a
diffusing cloud of impurity, which are relatively simply and reliably determined
experimentally. The constants xij enter into the analytical expressions for these
characteristics. Thus, having experimental information on these diffusion character-
istics it is possible to obtain evaluations of the xij constants.

The behavior of the coordinates of the center of gravity of the cloud of impurity
from an instantaneous point source of impurity is determined by the following ex—
pressions [4, 5]:
ot o ot
X(or="5 (In 2es - =1 =), ®

24

Z(t) =vasligt, 9)
)

where 7/= - S e”X 1n x dx«0.58 is the Euler constant.
0

Thus, from the behavior of the trajectory of the center of gravity of the cloud
of impurity it is possible to determine the values of the X33 and X¥13 constants.
The X33 value has been determined precisely in this way in laboratory measurements,

The longitudinal and vertical dispersions Z%l (t) and Z§3 (t), obtained from solu-
tion of equation (3), have the form [4, 7]

2 2 1 gy
Lo =|(F = 1)+ el we, (10)
Lu(h=gue (11)
Using the moments method, we similarly determine
Zi: (£) = #ga k33 uz 8. (12)
2 1 *y + o) »
Lia(t) =5 (T b iz‘i) u, £ (13)

Thus, expressions (8)-(13) determine the behavior of the center of gravity of a
diffusing cloud of impurity and its dispersions, by measuring which it is possible
to determine the constants "1- without recourse to any additional consideratioms.
For example, in the case of a ﬁiagonal tensor of the diffusion coefficients, that
is, when ¥ 13 = ¥73; = 0, we obtain

2

I | (14)
n R Vol ougt v (— -1l = ’
w= gy (v e T rma T I=7
= T 9
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D Sn o 2

et T U, (1)

(16)

Obtaining the estimated values of the constants )Li" from diffusion measurements,
it is possible to use them for computing the concentration field in the SLA by
use of equation (3). A comparison of this field with the experimental distribution
makes it possible to evaluate the reliability of the initial hypothesis (5) on the
functional type of the turbulent diffusion coefficients. In addition, the once-
determined values )61 can later be used also in evaluating the diffusion charac-
teristics of the cloud of impurity determined by expressions (8)-(13).

It must be noted that theoretical methods for determining the universal constants
and functions describing turbulent diffusion of an impurity in the SLA rely on
different nonrigorous semiempirical hypotheses and therefore are not precise. Ac-
cordingly, it 1s useful to carry out a comparison of the conclusions from differ-
ent semiempirical hypotheses. The comparison makes it possible to clarify in what
cases these conclusions vary little with a change in the initial hypotheses and
therefore can be considered entirely reliable and in what cases they are character-
ized by a considerable scatter and accordingly indicate that the degree of accuracy
of the used hypotheses must be checked using material from additional experimental
measurements.

A similar examination of Scattering of an impurity in the SLA on the basis of equa-
tion (8) with diffusion coefficients Kij = )L.'ijuit, dependent only on time, leads
to the following system of equations determining the behavior of the trajectory of
the center of gravity of a diffusing cloud of impurity and its dispersions:

X(t)= {#‘ln ]/——7—"12 - 1— l\) + 1/-’2_ (133 -+ 73y J iy t,

2 2z 2 ]

7
"_2 "-;;g
7 Zuy =] ety (18)
, : Wy 5 i e
Zin=| x4+ 1('—-r b+ 22 i L a2 (13 * o) ut e, (19)
| 221 8 l - % = _—"-,_3 :
_ Zhh =yt 20)
: (21)
z.-“(’) = '/‘ - %) 7'.;1“it"'.
(22)

2]3(/) = —L— [+ I —..;%Ill (4e)+ (l - ‘?) (%3 + %) J ll':'t".

If the values of the constants Xyj and )‘Oj are determined from one and the same
mass of experimental data it is possible to~draw some conclusions concerning the
functional dependence of Kjj. In actuality, by the process of finding the distrib-
ution of the concentration with diffusion coefficients dependent only on z or
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only on t, and making a comparison with the experimental distribution of the con-
centration, in this case proceeding on the basis of the best correspondence with
the experimental data, it is possible to draw conclusions concerning the reliabil-
ity of the initial hypotheses concerning the form of Kij’ In a case when it is
found that different hypotheses on the functional form of the coefficients of tur-
bulent diffusion lead to virtually identical results, by comparing the correspond-
ing expressions for the dispersions we find the correlation between the constants
* i35 and 'yg-; in particular, for the case of a diagonal tensor of the diffusion
coefficients”we have

| S
A=A AN Ty (—23'— 2)-

1 (23)
‘;3 = %93 %3y (24)
ty = -__"_7 e (25)

Thus, the derived systems of expressions (8)-(13) and (17)-(22), describing the
behavior of the coordinates of the center of gravity of a diffusing cloud of im-
purity and its dispersions, make it possible to express through these character-
istics the constants entering into the determination of the diffusion coefficients
(2), to find the correlation between constants of a different model representa-
tion of the diffusion coefficients and with the availability of information on

the field of concentration or other more complex characteristics of the cloud of-
impurity to evaluate the reliability of the initial hypotheses on the diffusion
coefficients. This method can be used successfully in the case of scattering of
an impurity in the SLA with a stratification different from neutral.

Scattering of an Impurity in a Horizontally Uniform Stationary ABL

The method described above in the example of diffusion of an impurity in the SLA
is especially useful in an analysis of scattering of an impurity in the ABL since,
having experimental information on the behavior of the dispersions and the measur-
ed characteristics of the ABL it is possible to obtain evaluations of the horizon-
tal coefficients of turbulent diffusion which in contrast to the vertical coeffic-
ient are not determined by the ABL model. In actuality, the system of equations
for the first two moments qgp(z, t), q™(z, t), q2(z,t)(m = 1, 2), through which the
behavior of the coordinates of the center of gravity of the cloud of impurity and
its dispersions 1s determined, has the following form:

dqn /] [/

o= 5 (K Fe) =0, (26)
dq," ] Oq"‘)
i F( ) =T (2) 40 (2, B, 27

dq7 F} gl
T -;‘—'(‘K" —dl;-) =2 K,m (£) g,(2, D +2 v, (2) qr (2, ¢).

In the derivation of the equations in the system it was assumed that the compon-

ents of the wind profile vy are dependent only on z, the tensor of the diffusion

coefficients has a diagonal form and vp(z) and K33(z) are determined from the ABL
model, and Kjj and Kyp will be considered dependent only on diffusion time. Such

an assumption for the horizontal diffusion coefficients is entirely reasonable

(28)
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(for example, see [10], which gives the experimental dependences of dispersions
on time for different meteorological conditioms).

Integrating equation (28) for z, we obtain an equation for the dispersiqplg im(t)

2 on I d 3
4 2';:,,. = K (&) + [ 0 () 07 (2, 8) d2 = 7 (X)), (29)

o] -

where X (t) are the coordinates of the center of gravity of the cloud of impurity.
llence we obtain an evaluation for the horizontal coefficients of turbulent dif-
fusion in the ABL K

d
mm

. I v i c e d 41]
l\mm (t) = v ar - j U (Z) ql (‘, f) dz + T—Ff— -—qT s
]

(30)

where qg(z, t) and q M(z, t) are determined from solution of equations (26) and (27)
and the temporal behavior of the dispersions is determined from the experimental
data.

Several attempts were made to evaluate the transverse diffusion coefficient Kjpo (for
example, see [1], which gives the latest, most complete review of the results of
experimental investigations of transverse diffusion in the ABL), These evaluations
were based on a formula derived by Csanady [9] and describing the behavior of the
transverse dispersion of the surface field of concentration from an instantaneous
point surface source .
2,0 =2 Kt + 5 F.
- (31)

where G is the velocity of the geostrophic wind, f is the Coriolis parameter, and
the function F describes the influence of the shear effect on the scattering pro-
cess (that is, the effect of interaction between the wind profile and vertical
transfer). But it must be taken into account that formula (31) was derived in an
examination of scattering of the impurity in the Ekman ABL with constant (vertical
and horizontal) diffusion coefficients. Accordingly, these evaluations of the
transverse diffusion coefficient have a preliminary character and at best determine
the order of magnitude of K99, since in not one of the experiments used for evaluat-
ing Kpp is there adherence to the conditions for the applicability of formula (31).

The turbulent diffusion coefficients obtained in this study by the considered meth-
od make 1t possible to avoid such incorrectness and henceforth can be used in com-
. puting the concentration field on the basis of the semiempirical equation (1). Com~
parison with the experimental distribution makes it possible to evaluate the relia-
bility of the 1initial hypothesis that the horizontal diffusion coefficients are
functions of time. The use of other model representations and hypotheses on the
functional dependence of the horizontal diffusion coefficlents and computations of
the field of concentration on the basis of the evaluations Kjj and Kgp obtained
for this type of coefficients, and also comparison with the measured distribution
of the field of concentration make it possible to make an optimum selection of a
model of scattering of an impurity in the ABL.,
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COMPUTATION OF TRANSPORT OF SUBSTANCES CONTAMINATING THE ATMOSPHERE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 54-58

[Article by U. Andrash, candidate of economic sciences, and R. Schenk, candidate of
technical sciences, Water Management Institute, Berlin, manuscript received
1 Jul 80]

[Text] Abstract: The article is devoted to a de-
scription of a model and computation scheme
for computing the transport of atmospheric
impurities in the field of a variable wind
at country and regional scales. A program
for computing the transport of substances
contaminating the air has been developed.

A special working group of the Berlin Water Management Institute in the German
Democratic Republic has carried out investigations of the transport of substances
contaminating the air over great distances. The investigations were formulated

in connection with the need for monitoring the transport of harmful substances
not only near industries and in cities, but also in individual regions having
linear dimensions of thousands of kilometers, including transport across national
boundaries.

The authors here present a "fractional steps" method for solution of the three-
dimensional equation for the tramsport of contaminating substances. It is known
that the transport of impurities at different spatial and temporal scales (intra-
regional, distant, etc.) is described by one and the same differential equation.
Only methods for takimg into account convective transport, turbulent diffusion,
and chemical transformations of the transported substances are different, depend-
ing on the scale of transport. Accordingly, the method cited in the article has
great universality.

Description of Transport Mechanism

The processes of transport of substances contaminating the air over short, inter-
mediate and great distances can be described by the following equation:

oc ro O dc gc

atViggtVig tVig = o
_ 9 g N, 0 dac [/} oc
=3 (Kegz) + 55 (Kegy) + o (Kogr) + Q.
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where Vg, V., V; are the wind velocity components, Ky, Ky, Kz are parameters de-
scribing turbulent transport, Q characterizes the volume of the emissions and the
processes of chemical transformations of impurities,

The modeling of transport using equation (1) is based on the proposition that the
impurities are transported by the air medium in which they are scattered and that
the change in the velocity of movement of the impurity in comparison with the velo-
city of the air itself is possible only as a result of turbulent transport.

A description of the influence exerted on the characteristic motion of impurities
by partial pressure and different density is possible only by use of multicomponent
models. In actual practice it is better to use equation (1), taking into account
the factors enumerated above in the parameters describing turbulent diffusion.

The best~known method for solving equation (1) is a description of the process of
transfer by a Gaussian distribution. This method is coming into wide use and is a
convenient tool for practical workers. However, if in the propagation process for
such an impurity there is no symmetry and the vector field of velocities is a
function of time, the volume of the computations when using a Gaussian distribu-
tion is many times greater than with the direct solution of (1).

The analogy between the processes of transport of momentum, heat and mass makes it
possible, in solving equation (1), to use the same numerical methods used in solv-
ing problems in hydrodynamics. One of the most effective methods in this case is
the Yanenko "fractional steps' method [2] in the form of geometric splitting. On
the basis of this method it is possible to propose a difference scheme for the
solution of equation (1), set forth in a study by Schenk [3].

We note that the solution (1) is based on meteorological data on the wind at dif-
ferent levels and a semiempirical representation of turbulent transport. Accord-
ing to the empirical expressions, the Ky, Ky, Kz values can be assumed proportion-
al to velocity and distance in the coordinate.

Formulation of Problem
The processes of transport of contaminating substances correspond to the mixed

problem for equation (1). With equation (1) taken into account, it is possible to
write the following differential equation:

o* oK\ o po_ 9Ky e 0K G 2)
- WT(V-'—O.t)dx-*-(' _d_v)dy +>(~"‘_W,)T"

=K G KK S+
The boundary conditions are stipulated by the equations
e _ [
on Do " (3)

’on
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a¢
Kygy t8e=01,

&)

c=0"0gq

and use the notations:
-- the neglecting of transport at the free boundaries FR;

~- total absorption at the upper boundary of the considered region of propagation;
-- allowance for precipitation and vertical diffusion at the earth's surface.
The initial propagation of the impurity is stipulated by the condition

c(x 9, 2,t=0)=0] L ppop 4)

The rate of dry precipitation of the impurity onto the earth's surface is taken
into account by the parameter ﬁ .

Splitting Scheme

The following splitting scheme can be given for differential equation (2):

1 oc _
o ~ Q=0 _
o oK\ O _ g O¢ =0,
R e ke 9
1 oc 0K\ oc e _
T V=) K =0

1 o aK.\ dc 9%
T+ (T Em K
Such a splitting scheme corresponds to geometric splitting. Each equation in the

system (5) is solved by the scalar three-point splitting method. The solution of
equations (5) gives a full description of the process of tramsport of impurities.

=0.

Determination of Transboundary Flows of Impurity

The introduction of linear sources for determination of transboundary flows of im-
purities is extremely desirable (2). Having a solution of equation (3), the inten-
sity of the linear source can be determined using the integral
Y1y v ‘
MD = 5 {cru,,dydr,, (6)

Vi

where vy is the projection of velocity onto the normal to the surface element
dydn ; the "M coordinate is situated on the integration surface bounding the space
of propagation of the impurity.
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The following expressions are correct for the intensity of the flows across the
boundary of the space of propagation of the impurity

MyD= [cv, aa,

VA

MHD = { ¢V, dA,

HA (7)
MRD = [cv, dA,
RA
. MLD= {cV, dA,
. LA
= [k 2
MUD = é[‘K). |, A

The subscript i means that y, V and A are vectors. Using linear sources as func-
tions of 71 it is easy to determine the interregional flows.

Computation of Reliable Mean Values

In order to monitor the level of concentration of substances contaminating the air,
including the prevention of dangerous situations, in principle it is necessary to
know the fields of concentrations at any stipulated moment in time. However, in
many cases it is possible to limit ourselves to the mean values for the sufficient-
ly long time period T, for example, for a year. Solving equation (2) for the
meteorological conditions prevailing during the period T and computing the inte-
gra'

|l

we obtain the reliable mean value of the transboundary flows.

Similarly it is possible to determine the mean concentration in the propagation

region r :

T« y, 2)= _,}__‘ cdt.
)

9

These mean values are of considerable importance for many practical problems. The
choice of the time interval T is determined by the nature of the problem. :

Use of Computers

The splitting scheme used makes it possible to employ modular programming. In par-
ticular, the program was developed for a BESM-6 electronic computer. The program
makes it possible to solve the equations in a three-dimensional grid with 12,750
points of intersection; it occupies 20 000 machine words in the operational memory
so that there is a reserve for broadening the propagation space. Ninety seconds of
computer time is required for one iteration in the mentioned grid. Thus,
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computations of the transport of an impurity over a period of 24 hours requires
72 minutes of computer time (time interval of 30 minutes). Using a curve plotter
the isolines of concentrations are constructed in a regular square grid. The
transboundary flows of impurities are printed out in the form of a table (in kg/
sec).

The program was used successfully in computing transport over short, intermediate
and great distances. In particular, the contamination of a residential quarters
by the emissions of an industrial enterprise situated near this microregion was
computed. Computations were made of the propagation of contaminating substances
over large industrial regions, as well as over the entire territory of the GDR.
liere, in addition to the fields of concentrations, it was possible to establish
the magnitude of the flows between regions and across the boundaries of the coun-
try for specific meteorological conditionms.

Improvement of Model and Algorithm

The results indicate the fundamental applicability of the developed model and solu-
tion method. The following refinements of the model and allowance for additional
information are planned for a more adequate reflection of the true pattern:
—- transformation to curvilinear coordinates;
-~ allowance for relief of the underlying surface;
-- allowance for additional meteorological parameters (changes in height of the
mixing layer in space and time, zones of precipitation and its intensity, and also
characteristics of the boundary layer);
—- determination of the rate of dry precipitation of impurities as a function of
space and time (settling on water surfaces, smow, forested areas, etc.);
—- more precise modeling of specific processes of chemical transformations of an
impurity, chemical and physical processes accompanying its washing out;
-~ use of aircraft measurements for determining the vertical distribution of an
impurity.
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TWO-FREQUENCY MICROWAVE RADIOMETRIC METHOD FOR DETERMINING WIND VELOCITY
FROM A SATELLITE

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 59-67

[Article by L. M. Martsinkevich, candidate of physical and mathematical sciences,
State Scientific Research Center for the Study of Natural Resources, manuscript
received 26 Jun 80]

[Text ] Abstract: The article is devoted to a deter-
mination of wind velocity and wave height
(with an infinite or known fetch length)
from the "wave-covered sea surface - atmo-
sphere" system thermal radioemission measured
from a satellite. The author gives examples of
computations of wind velocity using data from
aircraft microwave measurements made during
the period of the Soviet-American "SAMEX-76"
experiment in the Pacific Ocean.

Different aspects of the influence of sea waves on the thermal radiocemission of
the sea surface have already been studied for 15 years by many scientists in our
country and abroad. Most of this work has been based on the use of data from sur-
face and aircraft microwave measurements. The authors of [1] and [5] came closest
to an interpretation of the results of satellite measurements of the microwave
radiation of the wave-covered sea surface.

This article is devoted to a solution of the inverse problem: determination of wind
velocity and wave height (with an infinite or known fetch length) on the basis of
the thermal radioemission of the "wave-covered sea surface - atmosphere" system at
two wavelengths as measured from a satellite.

The fundamental premise ensuring the possibility of solving the problem is a theor-
etically and experimentally established law: when sighting at definite angles
(close to the nadir or equal to 40-50°) the contribution of the geometric compon-
ent of waves to thermal radioemission can be neglected and it is necessary to con-
sider only the contributjon of the foam ccver forming with the destruction of waves
and related to the wind velocity which forms the waves.

We will write a solution for the atmospheric radiation transfer equation:
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where T is the temperature of the sea surface, T(z) is air temperature, Yis the
coefficient of attenuation of radiation in atmospheric gases, H is the altitude at
which the radiation detector is situated, z is the vertical coordinate.

Modeling the sea surface by a smooth water surface, the v~th part of which is cov-
ered by foam, we write the total emissivity of such a surface etot in the form

f th
of the sum 8:0!:: £ -V) + gfoam v, (2)

where € is the coefficient of emission of the sea surface free of foam, Egyay 18
the coefficient of emission of a sea surface completely covered by foam.

For brevity introducing the notations

H H
-\ ydz " -‘\ v dz
T,=Te " T"z.-} T (z) e °  dz 3)
H H
i ol \ ';dl - \ ’{dl
To=\{T(z)ye " dz]e’

1]

and adhering to the calculations made in [4], we write
Tbr'Tz-T:}" E(Tl"T3) = V(Efoam"a)(Tl"TB’), )
where Ty, is the radiobrightness temperature measured from a satellite.

The expression on the right-hand side of the equation represents the increment' of
radiobrightness temperature of the sea surface, the 1/-th part of which is cover-
ed by foam, relative to the radiobrightness temperature of a smooth, foam-free

surface (radiobrightness contribution of foam).

D. T. Matveyev, on the basis of data from the '"Cosmos-243" satellite, supplemented
by American aircraft data and with the use of a dynamic model of foam, approximated
the radiobrightness contribution of foam by a dependence on wind velocity with
measurements at the nadir [6]:

5
AT, =3-10T2-"%(V=3)2exp[—a (V—=10j], ()

66

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030065-3



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030065-3

FOR OFFICIAL USE ONLY

where A is the wave length, in cm, V is wind velocity in m/sec at a height of 20
m, a = 0 when V<1Q m/sec and a = 0.032 when V> 10 m/sec.

This approximation agrees well with data from experimental observations in the
range of wind velocities from 10 to 30 m/sec; roughness effects can exert a consid-
erable influence when V<10 m/sec.

Writing equations (4) and (5) for the increment of the emission coefficient A€ and
equating their right-hand sides, we obtain

[4=br] 7“‘7'-"77"";‘7'—7"‘ =3 10~ 193V —3) exp |- a (V' —10)]. (6)

For solving a system of two such equations at two wavelengths it is necessary to in-
troduce additional equations relating to one another the components of the solution
for the radiation transfer equation, taking atmospheric radiation into account.

Due to the impossibility of establishing analytical dependences, here it was neces-
sary to go the way of finding the empirical relationships.

In order to investigate the atmospheric components of solution of the radiation
transfer equation and establish the relationships between them we prepared a pro-
gram for an electronic computer and carried out computations of atmospheric thermal
radioemission from the sea surface to the upper boundary of the atmosphere with the
use of radiosonde data during the period of the Soviet-American experiment "SAMEX-
76" in the Pacific Ocean. An altitude 16 km was used in the computations as the
upper boundary of the atmosphere; above this level thermal radioemission can be
neglected.

The computations were made by the method described in [3]. In the computations an
allowance was made for the absorption of radiation in oxygen, water vapor and drop-
let-liquid clouds; cases with precipitation were not considered.

An analysis was made of the characteristic emission of the atmospheric layer at dif-
ferent wavelengths (from 0.8 to 3.2 cm) between the sea surface and the radiation
detector Ty, which can arbitrarily be called "radiation upward" (the second term in
the solution of the radiation transfer equation); the radiation flux from the en--
tire atmosphere, which can be called "radiation downward"; attenuation of atmosph-
eric radiation.

An analysis of the results of computations indicated that there are some rather
stable empirical relationships between the mentioned components of radiationm at the
upper boundary of the atmosphere.

Thus, the atmospheric radiation fluxes upward and downward differ from one another

usually by not more than 2%. If we write the relationship between atmospheric radi-
tion upward T9 and its radiation downward Ty in the form

“Tl_’ecT,, e -

the ¢ coefficient is equal to unity with the third significant digit after the dot.
This coefficient is dependent on frequency and the angle of sighting and for meas-
urements at the nadir is determined using the following expressions:
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for a wavelength 0.8 cm

T}=1,0037=0,0017 Ty, (8)

for a wavelength 1.6 cm

T}=1,0012=0,0012T,. 9)

The indicated scatter of T} values with their substitution into the solution of
the transfer equation leads to insignificant errors in the Ty values, amounting
to tenths of a Kelvin.

From the physical point of view there 1s obviously a correlation between the char-
acteristic radiation of the atmosphere T and the integral attenuation of radia-

- tion in the atmosphere exp (- T). There are indications of the existence of this
relationship in [2, 3]. The dependence was sought in the form

H exp (—1)=1-bT,, (10)
where T = Sde is the integral coefficient of attenuation of radiation in atmo-

0
spheric gases and the b values for all frequencies in accordance with the computa-
tions fall in the range 0.0036-0,0038, :

This relationship has a very weak frequency and angular variation; with sighting at
angles from 0 to 40-45° the latter can be virtually neglected.

For measurements at the nadir using the indicated group of materials we found the
following values of the b coefficient:

for a wavelength 0.8 cm

6=0,00371:0,00010; (11)
for a wavelength 1.6 cm

h=0,00369 = 0,00009, (12)

An analysis of data from computations of thermal radioemission of the entire atmo-
sphere to its upper boundary for the regions of the "SAMEX-76" polygons indicated
that there is a rather stable frequency dependence for characteristic atmospheric
radiation. It is very difficult to describe analytically; however, if we exclude
from consideration a sufficiently narrow frequency band near the channel 1.35 cm
(where the radiation is unambiguously related to the radiation in the adjacent chan-
nels) it is possible to find a rather stable coefficient relating the Ty values in
fixed pairs of channels in the range from 0.8 cm to 3.2 cm. In other words, it can
be written approximately that

75

L

=kT
?’1’ (13)
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where ‘12:> )1, k is a dimensionless coefficient less than unity. For the pair of
wavelengths 0.8 cm and 1.6 cm k is equal to 0.402, for the pair of wavelengths 1.6
cm and 3.2 cm k is equal to 0.255, Here the k coefficient is identical for all
sighting angles in the range 0-45°,

The derived expressions were checked on the basis of independent computations of
thermal radioemission of the atmosphere using radiosonde data (130 soundings)
fror weather ships in the North Atlantic (1965-1968). The results of the comput-
ations were furnished us through the courtesy of Ye. P. Dombkovskaya and V. V.
Ozerkina. Checking indicated a good agreement of atmospheric radiobrightness tem-
peratures at a wavelength of 1.6 cm, computed using radiosonde data and computed
from the temperature value at a wavelength of 0.8 cm in accordance with (13).

It was found that the relative error in determining T (1.6) on the basis of stip-
ulated Ty (0.8) in 40% of the cases is less than 5%, in 74% of the cases is less

than 10%, in 90% of the cases is less than 157 and in 98% of the cases is less
than 20%.

Checking of dependence (13) for pairs of more long-wave channels indicated that the
relative error in determining T on the average increases somewhat, but the abso-
lute error is small. For example, whereas for the pair of channels 1.6 cm-3.2 cm
according to data from weather ship B the mean relative error is 15.7%, the mean
absolute error is equal to only 1.16 K, which falls within the limits of accuracy
of modern radiometric instrumentation. According to data for ship L, for which

the relative error for this pair of channels was small, the absolute error was only
0.38 K.

Thus, expression (13) can be used in computing characteristic atmospheric radio-

emission in one of the stipulated channels on the basis of the known radiation in
the other channel in the range of wavelengths from 0.8 cm to 3.2 cm, with the ex-
ception of the region near the channel 1.35 cm.

Checking of expression (10) using this same independent material indicated that the
values of the b coefficient do not fall beyond the limits of the already mentioned
values.

It goes without saying that the derived expressions require refinement. However,

the good correspondence between the results of computations for the two groups of
independent materials ("SAMEX-76" expedition and the weather ships) indicated a rel-
ative stability of these relationships and the fundamental possibility of their

use in global problems. It is entirely reasonable to assume that variations of the
coefficlents in these expressions will have a "regime" character and a rigorous
geographical localization; accordingly, it is desirable to analyze the statistical
material in sea polygons.

Taking expressions (7), (10), (13) into account, the components for the trans-

fer equation T3 and T9, determined by formulas (3), for the stipulated pair of
wavelengths A7 and A2 (here A2>Aj1) can be written in the following way:

m, = 7(1 —oTy, ) (14)
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T, = T(l ——b._.kr2_"l);

(15)
Ty, = Ta,6( -0, ) .
T = T. Ca 1 —b kr. ’

57 (1) a”n

where the subscripts 1 and 2 correspond to the wavelengths ;\1 and ;\2.

The system of two equations of the type (6) for two wavelengths after the substit-
ution of expressions (14)-(17) into them, is written in the following way

IS

o, T Ty [ T )+ T an (1)

— 53
T T2}'1 (T8 +¢y) + TQN L (18)

=310 (V=3 exp [—a (V = 10)];

*2

T~ r'"‘lx‘-[l —u, T te(l—s, )< & 7.2’;‘. b (1=, )

T—RTy (Thy + ) + R T2 by,
J*I 2}.1 3 (19)

=3 10-2;%5(V — 3)? exp [— a(V = 10)].

Thus, we obtained a system of two transcendental equations with two unknowns: wind
velocity V and the characteristic radiation of the atmosphere at the wavelength
7\1 - T,,,. This system can be reduced to one algebraic equation with one un—
known TZ?\l’ finding the ratio of equations (18) and (19). We obtain

: 051 T —; - - —: =72 -

(L) ,{ - W 7 7.2).1[1 a, Thteo (-] 72,“.:, AGETY )}.

L

T—Ty (Th+c) + 72 b, ¢, = (20)
"l I.l

rax:— u, T - "2‘. [t=u,Tbte(l- 5] +# 7571 b (V= 5.)

T—k r21 (Thy 4+ ¢.) + &2 7'5; by cq
! "t
The transformation of the equation leads to an unwieldy fourth~degree equation
which in a general form has no solution, However, the left- and right-hand sides
of equation (20) are different functions of x = T2 ALl therefore, the solution is
conveniently obtained graphically.
It is interesting that the right-hand side of the equation 1s the increment of the

radiation coefficilent at the wavelength Aj; therefore, on the computation nomogram
it is immediately possible to read the two parameters T2a1 and AE}Z.
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Figure 1 shows a computation nomogram which is a realization of the graphic solu-
tion of equation (20) for wavelengths 0.8 cm and 1.6 cm. Here along the x-axis we
have plotted the increments of radiation at a wavelength of 1.6 cm due to the foam
cover and along the y-axis the values of characteristic atmospheric radiation at

a wavelength 0.8 cm. The series of solid curves represents a graphic realization
of the left-hand side of the equation with different Ty (0.8) values and with a
definite value of the measured radiobrightness temperature of the "ocean—atmo-
sphere" system at a wavelength 0.8, as indicated on the curve; the series of dash-
ed curves represents a similar realization of the right-hand side of the equation
with a definite value of the radiobrightness temperature measured at a wavelength

1.6 cm.
.08
LN
\
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N
N
o \\ \\\
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L AN

A A
9 - 006 Q08 qnw g1z qnde,,

Fig. 1. Nomogram for determining characteristic atmospheric radiation at a wave-
length 0.8 cm and the increment of the radiation coefficient due to waves at a
wavelength 1.6 cm on the basis of satellite measurements.

The point of intersection of the corresponding pairs of curves for wavelengths 0.8
and 1.6 cm determines the atmospheric radiobrightness temperature at a wavelength
0.8 cm, which 1s read on the y-axis (T2(0.8)), and the value of the increment of
the coefficient of radiation of the wave-covered sea surface at a wavelength 1.6
cm (A%]1,6), which is read on the x-axis.

With the determined value T2(0.8) can be entered into equation (18) or (19) and
it is possible to compute the wind velocity over the sea.

Working with the nomogram it can be shown that an error in measuring radiobright-
ness temperature by 1°K leads to an error in determining wind velocity of 3% and
- an error of 1.5°K leads to an error of 6%,
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Fig. 2. Spatial changes in radiobrightness temperature at wavelengths 0.8 cm and
1.6 cm and characteristics of state of the sea surface computed from it along
flight line of I1-18 aircraft. a) 11 September, b) 13 September 1976. 1) wind velo-

R city computed from pressure gradient, 2) considerable wave height, computed from
these wind velocity values.

The determined wind velocity value can be used in computing wave height in a case
when fetch length can be considered infinite (completely developed waves) or
known.,

Thus, it was possible in general form to solve the inverse problem: determine wind
velocity over the sea (and from it -- wave height) on the basis of the microwave
radiation measured from a satellite.

Due to the lack of satellite synchronous microwave measurements in the selected
channels the developed method for solving the inverse problem for determining

wind velocity was applied to data from aircraft microwave measurements from aboard
an I11-18 aircraft of the Main Geophysical Observatory during the period of the
Soviet-American experiment "SAMEX-76." In the application of the "satellite" al-
gorithm using materials from aircraft measurements the results of these measure-
ments were “"raised" to the satellite flight altitude by taking into account (on the
basis of computations) atmospheric radiation in the layer 4 km (aircraft flight al-
titude) - 16 km (radiobrightness analogue of the atmospheric upper boundary) for
each day of observations and radiation above 16 km, which was estimated approxim-
ately, on the basis of measurements with an upward-directed radiometer from aboard
an American "Convair-990" aircraft during the period of the first Soviet—American
"Bering" microwave experiment [8].

Figure 2 shows examples of application of the method for determining wind velocity
on the basis of microwave data for specific runs of the I1-18 aircraft.
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Figure 2a shows the spatial variation of radiobrightness temperatures at wave-
lengths 0.8 and 1.6 cm and the values of characteristic atmospheric radiation at

a wavelength 0.8 cm, wind velocity along the flight line and the height of the
waves (considerable) for the aircraft run of 11 September 1976 from 0145 hours to
0155 hours at an altitude of 4000 m with a sighting angle of 40° computed on their
basis. The increments of the radiation coefficient, computed for an angle of 40°,
were reduced to increments for the nadir by use of the Stogrun angular dependence
[7]: 13940o = 0.936511£0o. It was necessary to de this since the D. T. Matveyev
approximation (5) relates to radiobrightness increments measured at the nadir.

Unfortunately, no instrumental measurements were made to determine wind velocity
from aboard an I1-18 aircraft: therefore, as a comparison with the computed velo-
cities, Fig. 2 gives the wind velocities and wave heights for three points com-
puted from the pressure gradient on a surface synoptic chart; the heights were
computed with allowance for fetch length., The segments of the horizontal straight
lines near the wind velocity values and wave heights determined from the pressure
gradient mean that it is impossible to obtain a more precise localization of the
point of determination from a small-scale map.

The errors in determining wind velocity on the run are 20%, 5.2% and 5.6% for the
run, provided that the wind velocity values, determined from the pressure gradi-
ent, are assumed to be true; the errors in determining the considerable height of
waves are equal to 31.8%, 107 and 9.7% respectively. Thus, the errors in determin-
ing the characteristics of state of the sea surface in the second and third cases
are small. The greater error in the first case does not hinder determining wind
conditions as storm conditions.

In the segment of the run corresponding to the extreme right-hand side of Fig. 2a
the wind velocity and the wave height decrease. This tendency corresponds to an
objective evaluation of the hydrometeorological conditions with advance toward

the work region of the ship, which was situated 80 km from the represented segment
of the run. The wind velocity, measured from aboard the ship at the time of pas-
sage of the aircraft along the mentioned flight line, was already 13.5 m/sec and
the considerable height of the wind component of waves according to data from the
radar attachment to the "Don'" radar set was 2.7 m (unfortunately, it was impos-
sible to obtain wave recorder measurements of waves on this day). The indicated
height agrees fairly well with the computed value 3.4 m, especially if it is taken
into account that the wave height is a more conservative characteristic than the
wind.

Figure 2b shows the spatial variation of radiobrightness temperatures at a wave-
length 0.8 and 1.6 cm and the values of characteristic atmospheric radiation at a
wavelength 0.8 cm, wind velocity along the route and considerable wave height, com-
puted on the basis of these radiobrightness temperatures, for another run of the
I1-18 aircraft which took place on 13 September 1976 (from 0315 to 0425 hours) at
an altitude of 4000 m with orientation of the antenna for the radiometers to the
nadir (6= 0°). Here, as a comparison, we have also given the wind velocity val-
ues computed at two points on the basis of the pressure gradient and the corres-
ponding (considerable) wave heights.
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The wind velocity on the segment of the run represented in the right part of the
figure is reduced, which, as in the first case, corresponds to the real situation:
the aircraft is approaching the center of a cyclone.

The relative error in determining wind velocity on the basis of microwave two-chan
nel measurements for the first control point in the measurement scheme was 1.8%.
and for the second 6.7%; the error in determining wave height was 2.6% and 15% re-
spectively.

Due to the scatter in Ty and b values, determined by equations (8), (9), (11),
(12) the errors in determining wind velocity will deviate from the mentioned mean
errors by 1-2%, which exerts virtually no influence on the possibilities of the
method.

The described method for determining wind velocity from the measured radiocemission
of the "sea surface-atmosphere" system, as indicated above, in essence can be ap-
plied with any pair of wavelengths in the range 0.8-3.2 cm, except for a narrow
frequency band near A = 1.35 cm. The choice of the optimum pair of wavelengths
can be the subject of a special investigation.

The principal difficulty in application of the method is that in the computations
it is necessary to know the absolute radiobrightness temperature values and this
requires very correct signal calibration.

TFurther work in the direction of improvement of the method should proceed along the
lines of a refinement of the relationships between the atmospheric components of
radiation, the careful choice of the statistics of such relationships in differ-
ent regions of the world ocean and refinement of the dependence of the increment

of radiobrightness temperature due to the foam cover on wind velocity.

It is also necessary to check the method on the basis of mass material from satel-
lite microwave measurements.
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UDC 551.(465.4+466.467) (268)
DIAGNOSTIC MODEL OF WATER AND ICE CIRCULATION IN THE ARCTIC BASIN
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 68-75

[Article by V. I. Ponomarev and L. A. Glazova, Main Geophysical Observatory, manu-
script received 20 Jun 80]

[Text] Abstract: A diagnostic variant of a joint
model of motion of ice and water under the
influence of wind and horizontal nonuniform-
ity of the field of masses in the ocean is
examined. The authors present a method for
computing the vertical component of velocity,
taking into account inertial forces. The re-
sults of computations of ocean circulation
in the Arctic basin with a detailed analysis
of vertical movements are given,

Introduction. Concepts concerning the circulation of water and ice in the Arctic
basin were obtained on the basis of observations made from the time of the remark-
able drift of the "Fram" [13]. On the basis of data on the drift of ships and polar
stations it was established that the principal features of macroscale circulation of
ice and surface waters here are the Transarctic Current, crossing the Arctic Basin
from the Chukchi Sea to Fram Strait, and the anticyclonic circulation over the Can-
andian Basin (see [1, 12]). The direction and velocity of propagation of Atlantic
waters were evaluated for the most part by indirect methods, by an analysis of the
temperature and salinity fields [8, 12]. The movement of deep waters in the Arctic
Basin was the least studied due to the low measurement accuracy. The nature of the
vertical circulation of waters in the entire thickness of the ocean also has remain-
ed virtually uninvestigated by empirical methods.

Theoretical investigations made it possible to obtain new concepts concerning the
circulation of water and ice in the Arctic Basin. Hydrodynamic models have been
the principal tool of these investigations. Using barotropic models [3, 10, 11] it
was possible to describe the integral mean-term circulation of water and ice. Us-
ing diagnostic methods and models [4, 9] a study was made of the vertical struc-
ture of currents. The prognostic model in [14] made it possible to describe the
process of formation of climatic fields of currents, temperature and salinity in
the Arctic Ocean.

All these models best describe currents in the upper layer of the ocean. However,

it is of interest to make detailed computations of currents in the layers of Atlan-
tic and deep waters, investigate the character of vertical movements and the
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interannual variabilitv of circulation. For this purpose it is necessary to have
models more precise than models used earlier, taking into account the peculiarit-
ies of the Arctic basin, the presence of an ice cover and the weak intensity of
currents (the velocities of macroscale currents are several centimeters per second,
and in the deep layers -- fractions of centimeters per second).

First of all it is necessary to examine the most complete and sufficiently precise
diagnostic model, making it possible to compute the three components of current
velocity in the entire thickness of the ocean on the basis of the stipulated
density field and this article is devoted to this subject. Since within the frame-
work of the "POLEKS~Sever" national program, beginning with 1973, regular observa-
tions have been made of the temperature and salinity fields, such a diagnostic
model can be used in computing circulation for each specific year and in investigat-
ing its variability.

Principal expressions of model. As in the diagnostic models used earlier (see [7]),
the initial expressions are the continuity equation for an incompressible fluid
and the equations of motion in the hydrostatic ant '*¥ :inesq approximations. The
derivation of the expressions for the horizontal .. ...ty of current velocity
is accomplished in the usual way (the assumption.:ofi:a¥quasistationarity of current
velocity Ju/dt =9v/Jdt = 0 is made). The equations of motion, written taking
into account the equations of statics, are integrated vertically from the surface
to the ocean floor. At the ocean surface (z = 0) and at its bottom (z = H) an al-
lowance is made for the boundary conditions for frictional stresses:

t.r, ylz=o = -r ,\'; :.r. ¥ |..= = ."\:I, v’
Then a standard procedure is carried out: the stream function of total flows is in-
troduced and the level slopes (34 /2%, 24 /dy) are excluded from the stationary
equations of motion using the vertically integrated equations of motion. This gives
the following expressions for the horizontal components of current velocity (u, v):

; E— I ¢4 " ds
w0 Ty & | 2o dz =
ol 0z wlH tH oy sl i dy
(1)
" . Ho_
A A . ! — 1 ,
£ 9 e AL _u_:_)_._._ N () -+ — NV (v) dz:
+p—°l'5‘_y'dz" v IHA(\d.r i ‘\"”':H.“r’()
4
H
1 d<, '.".-'.’\,l 1 04 g ds
U o L —— L —de -~
v= wil dz wlH t+ H ox ' g,l* 52 gx ¢
A
H PR 1
g 9 a, A YL v _
";..l\ o 2= — du— g 3| y,) Vi
4
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If the initial equations of motion or expression (1) are reduced to dimension-
less form, we obtain two small parameters: one before the inertial force (51)

and the other before the force of horizontal turbulent exchange (E 7). Expanding

u and v into a series for a small parameter and taking into account only the first
two terms of the series, we expressed the nonlinear inertial accelerations through
the first ~- the linear approximations for the velocity components. (The terms con-
taining the product £1 £, are also not taken into account because they are of the
same order of magnitude as terms with £ 2). Thus, by u, v in (1) we understand the
sum of the first five terms on the right=hand side of the expressions for u and v.

The expressions for current velocities (1) satisfy a necessary condition: in the
integration of the left- and right-hand sides of (1) from the surface to the bot-
tom of the ocean these expressions become equal to identity; Sy== S, Sys Sy,
where S, Sy are components of the total flow vector.
In determining the integral stream function I¢7)) entering into (1) use is made of
the nonlinear vorticity equation, derived by cross-differentiation of the equa-
tions of motion integrated vertically from O to H.

The expression for vertical velocity is derived by the substitution of expressions
{1) into the continuity equation, integrated vertically from 0 to z. Under the con-

dition of a "hard top" on the ocean surface (wlz = o0 = 0) the expression for w has
the following form:

H (2)
z : z oH
— A ot T+ (4 et

oH ol R 9
*”H"«’T)_ﬁ,’_[w(%-“z_md—;dz“
U
2 ) H !
_ ol 0 ‘L
_"(E—z)wdi)—-—y-(%bg(z—H)j%dz -[e—2 22 de)]+
v
. 1 f{—09, | —dg, : f(=a0,  —o0 \!
*7““‘&‘*“’7 ""“T‘f(““" +"Ty’)'d"‘
A

.._l_u 89,dz - 2 As«,u)},

where ov on

78
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030065-3



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030065-3

FOR OFFICIAL USE ONLY

uys Vg are elements of the barotropic component of current velocity, equal to the
velocity at the upper boundary of the bottom friction layer (the sums of the sec-
ond, third, fourth, seventh and ninth terms on the right-hand sides of formulas

.

In the derivation of expression (2) the inertial forces entering into (1) were tak-
en into account partially: only the principal terms associated with vorticity
advection (§2,) were retained (the term containing Jdw/Jx - Jw/Jy is not taken
into account, since it is more than an order of magnitude less than vorticity ad-
vection). Thus, the derived expression for vertical velocity (2) takes into ac-
count all the principal factors responsible for macroscale circulation in the
ocean, but this expression is approximate. At the same time, the used approxima-
tions are entirely valid and correct for any region in the world ocean, except for
the equatorial zone, where the inertial forces evidently cannot be considered

small (it is impossible to expand u and v into a series of powers of §; for this
reason).

It must be noted that the differences between formulas (2) and those used earlier
involve not only an allowance for additional factors, but also the method for tak-
ing the principal forces into account. It follows from the formulas cited in [7]
that the term caused by the divergence of drift currents is not dependent on depth,
that is, in the zonal flow (for example, in the Antarctic Circumpolar Current) the
vertical velocity in the entire thickness of the ocean outside the friction layers
is equal to the sum of the Ekman and anemobaric components w (since dp /A= 0,
d¥/dX = 0). In this case w does not become equal to zero at the ocean floor and
does not satisfy any other physical condition.

In contrast to the formula from {7] in expression (2) the term containing the Ekman

- vertical velocity has the factor (1 - z/H) and therefore decreases linearly with
depth from a value equal to w_ with z = hE to zero at the ocean floor. The terms
associated with the ,8 -effect and the anemobaric vertical velocity also become
equal to zero at the ocean floor. In general, w in (2) satisfies the streamline
flow condition when z = H:

_ ., OH . aH
Wy =yt ‘i1 7oy - 3)

At the upper boundary of the bottom friction layer the vertical velocity is approx-
imately equal to the sum of the friction (wE) and orographic (w,,) components.

_H oH
. 1 - IH

w | e —_— + u, — + v, —.
,,_‘l' L"—'”—"EH 2 rot; = H dx H ooy

4

Conditions (3) and (4), denoting the presence of both friction and streamline flow
3 on the bottom, are contradictory. This contradiction can be eliminated by intro-
ducing a boundary layer with allowance for curvature of the underlying surface of
the bottom. However, in the first approximation for H it is possible to use the
- upper boundary of the bottom friction layer and leave the condition (4).

For closing the model relative to frictional stress at the lower surface of the ice
('Cg, 'Cy) we use an extremely simple method for parameterization of the steady

drift of ice examined in [6]. The ice drift velocities (uy, vg), the same as
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the characteristics of the planetary boundary layers over the ice and under the
ice, are considered quasistationary. In addition, the equations of motion for
ice are written in a linear approximation without allowance for the horizontal
exchange of momentum:

= _1_ -1 < E d I . . g a2
tty = o hl =5 + a) co = o Bl (= — ) - T o (5)
that is, the drift velocity of ice can be represented in the form of the sum of
- the wind L)
- (un u "“l ( v '\.) )
and 4

_ & 9.
("”“"’1‘757)

gradient drifts [B = wind; I = gradient].

In such a case the frictional stresses at the lower (‘to 150) and upper (171 1:1)
surfaces of the ice are determined in the following way. y

@ = pia? G (Ucosa; — Visinzy),

=ity G (V; cosa + Upsinz). ©)
Here ¥ is the Karman constant, )Li, 0(1 are the geostrophic friction coefficient
and the angle of total rotation of the wind (i = 1) or the current (i = 0) in the
planetary boundary layer (PBL). According to [2], X and & are universal functions
of the Rossby number (Ro) and the stratification parameter Fo (Ro = Gl/ﬁ,zo, zQ
is the roughness parameter). The functions ¥(Ro, Ko ) and o(?R ) were obtain-
ed as a result of solution of a closed system of equatlons for the BL and are
given in [2].

In formulas (6) with i = 1 U1, Vi, G are the components and modulus of velocity
of the geostrophic wind at the upper boundary of the atmospheric PBL, with i =
Ug> Vg, Gp are the corresponding differences between the drift velocities of ice
and gradient currents.

It is assumed that the influence of inertial forces and horizontal turbulent ex-—
change on the velocity of macroscale currents is small, the velocities of the gra-
dient current at the surface approximately coincide with the velocities of gradi-
ent drift of ice

¢ 9%,

(v = =8 5% Vo= -85

and the vertical velocity shear in the friction layer under the ice is related
only to the wind drift of ice.

It is known that the steady wind drift of ice is close to isobaric (to Zubov drift)
and deviates from it by some angle ) (see [1]). Substituting (6) into (5) and re-
ducing similar terms, it is easy to represent the wind drift of ice in the form

of the sum of isobaric drift and deviations from it (as was done in [10] with use
of an Ekman model for the PBL with a stipulated turbulence coefficient:

[B = wind] Hyo = Cy (Uyc0s 7,4 Vising) 0w =G, (Vicosy, = Ussing). 7y
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The expressions for the wind isobaric coefficient Cuyng and the angle )/have the
following form:

[B = wind] Co=M,(14+M}4-2M, sin ao)~"%
o — cosay + Mg sin (ay — a;)
i = arctg [sin 1, + M. cos (ap— a;) ]‘ (8)
254 G .
where M, = TR i=1, 2.

Thus, the already cited formulation of the diagnostic model of circulation of water
and ice is a closed problem. It should be noted that formulas (8) are a special

- case of the expressions for C,i,q and Y derived in [5] with allowance for the
lateral friction force in the ice cover (Fy = -ru, Fy = -rv); the expression for
w (2) was examined in [6], which gave computations of vertical circulation in the
Arctic basin on the basis of the stipulated density field from [9] (for 1955-1956).
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Fig. 1. Fields of velocities of gradient currxents at the ocean surface. a) comput-
ed on the basis of data on demsity for 1958-1959 (from [9]); b) computed from den~-
sity data for 1975 obtained on the "Sever-27" expedition.

In this article we give computations of the three components of current velocity

and ice drift velocity on the basis of data on density obtained on the "Sever-27"
expedition (carried out in 1975). The results of these computations were compared
with the current velocity fields obtained in [6] on the basis of the density field
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from [9], observed two decades prior to the "Sever-27" expedition.

Computations of u, v, w were made at standard horizons at the points of intersec-
tion of a uniform grid employed earlier in [3, 4, 6]; the grid interval used was
200 km. We also stipulated the discharges in straits on the basis of data from
Timofeyev (see [8, 10]), the bottom relief field cited in [3] and the field of at-
mospheric pressure. Computations were made both with a stipulated mean long-term
atmospheric pressure field, cited in [10], and with a pressure field averaged for
1974, that is, averaged for the period preceding density observationms.

Results of computations. First we note that the general conclusions concerning com-
putations of horizontal circulation in the Arctic basin and comparisons of differ-
ent methods for computing currents are given in [4]. The influence of different
factors on vertical velocity with a detailed analysis of all the terms in the ex-
pression for w (2) was examined in [6]. Accordingly, in this study we note only

the principal conclusions pertaining to vertical circulation in the Arctic basin
and we will compare the results of computations of circulation for the density
fields obtained in 1958-1959 and in 1975. These results of computations differ ap-
preciably due to important changes in the salinity field occurring over the course
of 16 years.

Fig. 2. Vertical velocity fields at 500-m horizon. a) computed using density data
for 1958-1959, b) computed using density data for 1976. Regions of ascending move-
ments are shaded. The north pole is designated by a dot.

Figure 1 shows that the Transarctic Current, intersecting the basin, was best ex-

pressed in 1958-1959, whereas in 1975 this current was not concentrated in a nar-
row zone, although everywhere in the Atlantic subbasin there was a drift with a
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velocity of about 1-2 cm/sec in the direction from the Siberian shelf to the Can-
adian archipelago. The current was considerably intensified only in individual re-
gions: along the Mendeleyev Range and beyond the Lomonosov Ridge. In addition,

in 1958-1959 one anticyclonic circulation occupied both the region of the Pacific
Ocean subbasin and the regions adjacent to the Canadian archipelago. Only over the
Canadian basin in the central part of the main circulation was it possible to dis-
criminate two anticyclonic vortices of a lesser scale (see Fig. la). In 1975 the
anticyclonic eirculation divided into two vortices; one was situated over the Can-
adian basin and the other, the more intense with respect to velocity and depth, but
smaller in extent, was situated over the Alpha Rise, adjacent to the Canadian arch-
ipelago (Fig. 1b).

_ The fields of horizontal current velocity in the layer of Atlantic waters also have
some differences, but less than at the above-lying horizons. It is interesting to
note that in 1975 at the 500-m horizon the circulation over the Canadian basin be-
comes opposite, forming a cyclonic circulation, whereas over the Alpha Rise, as
before, there is an intensive anticyclonic vortex.

In addition, it must be noted that the change in circulation is most appreciable

and graphic in the vertical velocity field, which is the most sensitive of all the
hydrological characteristics which we examined. Figure 2 shows the vertical velocity
field for the 500-m horizon where it is governed for the most part by the B -effect
(fifth term in expression (2), which we will denote w8 ). In the above-lying lay-
ers of the ocean the fields of the term wgg have the same peculiarities as the

Y500 field, but the total vertical velocity w with z< 400 m is also subject to a
considerable influence of the divergence of drift currents (second term in (2),
which will be denoted eEz).

It follows from an analysis of wggg (or wg}3) that the spatial distribution of the
regions of ascending and descending movements, as well as the velocity maxima, is
different in the considered years, although the general character of the vertical
circulation in the thickness of the ocean, averaged in area, did not change: in
the ocean area adjacent to the Canadian Arctic archipelago there is a predominance
of the upwelling of waters, whereas in the region adjacent to the Siberian shelf
there is subsidence of waters (see Fig. 2). :

It is easy to confirm that the differences in the w fields during 1958-1959 and 1975
agree well with the differences in the fields of horizontal currents (Fig. 1), which
is one of the criteria of accuracy of the model. In particular, below the region of
a considerable influence of the wind (the term wgz = wg (1 - z/H)) in the eastern
parts of the anticyclonic vortices there is upwelling, whereas in the western parts
there is a subsidence of waters governed by the ﬂ—effect.

In addition, on the axis of the Transarctic Current (see Figures la and 2a) the max-
imum horizontal gradients w, wgg and wg are observed (the field of the Ekman ver-
tical velocity wg, computed from the atmospheric pressure field averaged for the
1950's, was given in [6]). It was found that the velocity wg reverses its sign ap-
proximately on the axis of the current, wgg changes its sign to the right of the
axis on the periphery of the current along the meridian, intersecting the anticy-
clonic circulation. The intensification of the Transarctic Current in a definite
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region in all probability is associated precisely with a substantial horizontal
shear and a change of the sign of Wy in this region, averaged for the preceding
time period.

A comparison of the field of currents for 1975 with the wp field, found from the
atmospheric pressure field computed as an average for 1974, also confirms the con-
clusion that the variability of circulation in the Arctic basin is associated pri-
marily with the mechanism of redistribution of the density field due to the ver—
tical velocity caused by the divergence of drift currents. Thus, the wind influ-
ence to the greatest degree is determined precisely by this mechanism and not by
horizontal transport of heat and salts. "

Still another characteristic of the vertical movements is that the surface on which
w passes through zero can be identified with a stationary front since maximum sal-
inity and density gradients are observed near this surface.

In 1958-1959 the surface of such a large-scale front, having a consilerable slope,
passed through the axis of the Transarctic Current (see Fig. la) i1 *“he upper lay-
er of the ocean, where w®wp = 0, and intersected the anticyclonic circulation in
the lower-lying layers approximately along the meridian 130°E at the horizon 500
m, where wz WoB = 0.

If the steady vertical circulation in the Arctic basin is characterized as a whole,
it must be noted that the vertical movements (sz) caused directly by the prevail-
ing wind as an average for some water area have opposite directions relative to
the vertical movements caused by the B -effect (w B). The remaining factors tak-
en into account in expression (2) exert an apprec%able influence on w only in in-
dividual regions of the Arctic basin. In particular, inertial forces make an ap-
preciable contribution to w only in the region of maximum vorticity gradients and
do not exceed 20% of the contribution of the main components in (2).

In the future it is proposed that the model presented in this article be used in
computations of oceanic circulation successively for each year making use of den-
sity data obtained on the "Sever" expeditions carried out by the Arctic and Antarc-
tic Scientific Research Institute since 1973 and continuing to the present time.
Such computations are necessary for investigating the year-to-year variability of
circulation.

In addition, in conclusion we note the possibility of generalizing the considered
model. Supplementing it with the equations of diffusion of heat and salt with the
corresponding boundary conditions, we obtain a prognostic model of oceanic circula-
tion which can be assigned to the class of filtered models cited in [7]. Using the
prognostic model it is proposed that a detailed study be made of the mechanisms of
variability of circulation.
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[Article by A. Ye. Antonov, candidate of geographical sciences, Leningrad Division
of the State Oceanographic Institute, manuscript received 18 Aug 80]

[Text] Abstract: A method is described for predicting
the interannual changes in bottom salinity,
dissolved oxygen and the thickness of the lay-
er of saline North Sea waters in the southern
Baltic.

Water exchange through the Danish straits, and to be more precise, the entry into
the Baltic of "fresh" North Sea waters with increased salinity and enriched with
dissolved oxygen, is an important factor to a considerable degree determining not
only the hydrological-hydrochemical conditions of this basin, but also its ecology.
In any case the underflows of saline North Sea waters determine the gas and salt
regimes of the bottom and deep layers of the sea, important for fishing. There-
fore, the possibility of foreseeing anticipated changes in hydrological-hydrochem-
ical conditions in this zone of the sea is of great importance.

Earlier [3, 4] we proposed a procedure for predicting the interannual variability
of the position of the 10°/oo isohaline as an indicator of the intensity of the
underflow of "fresh'" saline North Sea waters. However, in this vase it 1is possible
to obtain only a qualitative characteristic of this phenomenon (that is, some idea
as to whether a greater or lesser volume of water with a salinity greater than
109/00 flowed in). Until now it has been impossible to predict the salinity and
content of dissolved oxygen in the inflow of new North Sea waters into the Baltic
Sea.

Complex investigations of the process of inflow of "fresh" North Sea waters into the
Baltic Sea, and in particular, the analysis and comparison of time series of bottom
salinity, thickness of saline waters, dissolved oxygen within the limits of these
waters, indices of sea level and river runoff and other hydrometeorological charac-
teristics, as well as their autocorrelation analysis, made it possible to establish
good asynchronous correlations among these characteristics. They also served as a
basis for developing a long-range forecast of the variability of inflow of North

Sea waters through the Danish straits, making it possible to obtain a timely,
multisided idea concerning the anticipated consequences of this phenomenon, espec-
ially about changes in the volume of waters with a salinity of more than 10°/00,
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about their mean salinity and the content of dissolved oxygen within the limits
of these waters.

In this work we used prognostic relationships established earlier between the dy-
namics of sea level and the depth of the 10°/oo isohaline in the southern part of
- the Baltic Sea [3, 4].

Thus, for obtaining a complex idea concerning the impending entry of "fresh" North
Sea waters through the Danish straits it is possible to use the prognostic equation

AN 10%g0, M=0.14—0.486 A H,
Ah10%4, =0 )

where Ah is the increment of the mean depth of the 10°/oo isohaline in the Bornholm
and Gdansk depressions in May-August of the current year in comparison with its posi-
tion in the past year; A H is the deviation of the mean level at Kolka and Vents-
pils during July-December of the past year from the mean values for 1946-1965.

In the absence of data on levels at these points it is possible to use data for
Kronshtadt. In this case the correlation equation has the form

A h l0°/uo, M =—0,385 H‘\.
2)

where Ah is the same as in equation (1) and Hy is the level increment at Kronshtadt
in July-December of the past year in comparison with its position in these months
in the preceding year.

- The prediction of the mean salinity values in the limits of these waters can be made
on the basis of one of the equations (1)-(3) proposed in [5] or it is possible to
use an equation in the form

A S%=—0,0011AQ,
3)

where AS is the salinity increment in the layer 60-90 m in the Bornholm depression

- in the current year in comparison with the past year (n - 1), whereas AQ is the
increment of the total runoff of the Neva, Narva, Daugava, Neman and Visla in the
years n - 6/n - 1 in comparison with the years n - 7/n - 2.

In order to ascertain the anticipated salinity increment in this layer it is also
possible to use the formula

A S3=—0.094 H3, +0,06, . @)

where ASZ are the salinity increments, averaged for two years, in the layer 60-90
m in comparison with the past (n - 1) and related to the last year (n); Hy is the
increment of the mean level during July-December in n - 2/n - 1 years in comparison
with its position in n - 3/n - 2 years (for Kronshtadt).

The content of dissolved oxygen in the limits of these waters, in particular, in the

bottom horizons of the southern Baltic, can also be es.ablished from the "level be-
havior" in the preceding years. In particular, using an equation in the form
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0, ml/liter = 1,54 - 0.0874H, (5)
0'y ml/liter = 1.8 - 0.087 A H, (6)

where 0, is the mean annual content of dissolved oxygen at the horizon 85/90 m in
the Bornholm depression; 0'2 is the same as an average for the horizons 85/90 m
in the Bornholm depression and for the horizon 100/105 m in the Gdansk depres-
sion during the course of the year; AH is the same as in equation (1).

An evaluation of the quality of the proposed methods for computing different hydro-
logical-hydrochemical elements using equations (1)-(6) 1is given in Table 1. Its
data show that the proposed procedures for predicting interannual variations in
the intensity of entry of "fresh" North Sea waters through the Danish straits by
means of computations of the depth of the 10%/00 isohaline, by use of the corres-
ponding prognostic equations, as an index of the volume of North Sea waters flow-
ing into the Baltic Sea, computations of their mean salinity and the content of
dissolved oxygen within the limits of these waters are characterized by a high
guaranteed probability and effectiveness. They can be used for annual correction
of the super-long-range background forecast of the anticipated changes in salin-
ity in the bottom waters of this sea [5].

In addition, the complex hydrological-hydrochemical prediction of the anticipated
interannual changes in the intensity and character of entry of North Sea waters

is also of independent importance, especially for fishing science and practical
work. The regime of bottom and deep waters, their volume, frequency and intensity
of renewal, the absolute values of salinity and dissolved oxygen within their lim-
its are important abiotic factors to a considerable degree determining the condi-
tions for reproduction and survival of important species of commercial fish in

the Baltic Sea, such as cod and plaice [1, 2].

The broad use of the underflow of North Sea waters as a predictor of sea level
indices in complex forecasting is attributable to the fact that its level is
characterized by a definite universality in the reflection of hydrometeorological
processes transpiring in the sea. In actuality, in characterizing the physical
essence of the latter prognostic relatiomships (1)-(6) it should be noted that the
principal predictors — the sea level and its dynamics —- are some of the important
indices of most hydrometeorological processes transpiring in the sea. The level
seemingly integrates the consequences of such phenomena as continental runoff,
atmospheric pressure, precipitation and evaporation from the sea surface, which in
one way or another exert an influence on water exchange in the stralt zone, and
accordingly, on the nature and intensity of entry of North Sea waters into the
Baltic Sea. Hence there is a clear relationship between dynamics of sea level and
the relative volumes of inflowing North Sea waters, their salinity and dissolved
oxygen within the limits of these zones.

Thus, the use of the indices of sea level dynamics (and in part the runoff of the
Neva River) as a predictor makes it possible, on the basis of expressions (1)-(6),
to obtain some idea concerning impending interannual changes in the underflow of
North Sea waters into the Baltic Sea through the Danish straits and with an ad-
vance time of about eight months to prepare a forecast of the anticipated changes
in the thickness of the layer of these waters, their mean salinity and the dis-
solved oxygen within their limits.
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A noteworthy characteristic of the proposed procedure for the complex marine hy-
drological forecast is that this prediction is prepared using data from routine ob-
servations in the sea and river network of the State Committee on Hydrometeorology.
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STATUS OF THE STUDY OF THE ELEMENT-SALT COMPOSITION OF SEA WATERS USING NUCLEAR-
PHYSICAL METHODS
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[Article by Ye. M. Filippov, professor, Marine Hydrophysical Institute, manuscript
received 25 Jul 80]

[Text] Abstract: On the basis of computations and ex-
perimental investigations it is shown that nuc-
lear-physical methods can be used in studying
the fundamental salt composition of sea waters
under natural conditions. The total salinity
of the waters can be determined on the basis
of the attenuation of soft gamma radiation
emitted hy sources with an initial energy of
100-300 KeV. The potassium in water is determin-
ed on the basis of natural radioactivity of its
isotope K40, The roentgenofluorescent method
can be used in separate determination of chlor-
ine, potassium, calcium and bromine and neutron
methods can be used in determining chlorine,
sodium and bromine. Automated systems can be cre-
ated on the basis of all these methods.

There is a change in the salt composition of sea water under the influence of nat-
ural factors and anthropogenic activity [1, 3, 4]. At the present time it is be-
ing studied for the most part under laboratory conditions using chemical and phys-
icochemical methods [5]. These methods have a high accuracy. However, they are ex-
tremely time consuming and do not make it possible to automate measurement pro-
cesses. This problem can be solved on the basis of nuclear-physical methods [6-11].

It was demonstrated in [7] that for determining the total salinity of sea water it
is possible to use a method based on the attenuation of soft gamma radiation in it
from sources with an energy of 100-300 KeV. We will evaluate the spectrum of scat-
tered gamma radiation on the basis of the diffusion-age equation [6], which for
convenience in the computations will be represented in the form

o N= 9es 1) exv |~ gz — ¥ (E) — 2 (B) S|
"Tx(E)E(E)le(E”“: [ §0(E)
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Here Q 1s the yield of gamma radiation from the source, s is the effective area
of the detector, & (E) is detector efficiency, r is the distance between the cen-
ters of the source and detector, ’ﬁC(E) is the linear coefficient of attenuation
of gamma radiation as a result of Compton scattering, 5 (E) is the mean change in
the wavelength of gamma radiation as a result of scattering;

.
1 ! le
=7 . E T H
A

-

v

e

where )y= Sll/Ey is the wavelength of the gamma quanta.

- I.,‘

¢ = j‘ b ()'1) d‘“7 “x 0'1) E(If)'

X
To

This function takes into account the probability of absorption of gamma quanta on
hydrogen and oxygen atoms. The function P (E)S 1s similar to ¥, but takes into ac-
count the absorption of gamma radiation on atoms of mineral salts dissolved in the
water., The @ (E) value takes into account the dependence of gamma quanta on energy
and the S value determines the total salinity of water in g/liter or pro mille

(°/00).
“.‘f,i”’”/"“” pulses/min "N '
i
il ’
’ .., _.Key
v Jo 50 70 £, xib

Fig. 1. Spectral distribution of scattered Fig. 2. Diagram of spectrometric sen-

samma radiation for source with initial sor for study of element-salt compo-
energy of 100 KeV. The figures on the sition of sea water samples. 1) Si-Li
curves represent water salinity in pro detector; 2) thermal shield; 3) detec~
mille (g/liter). tor housing; 4) capsule for annular

source; 5) source; 6) support for cas-
sette; 7) cassette with sample; 8)
water sample; 9) direction of primary
radiation; 10) direction of character-
istic radiation; 11) Be detector window;
12) polyethylene film on cassette bot-
tom.
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The equilibrium spectrum of scattered gamma radiation, as is well known [6], is
formed at distances not less than 3-4 lengths of the free path A= fo—l, where 4:0
is the linear coefficient of attenuation of primary gamma radiation of the source.
The spectral distribution of the scattered gamma radiation for a source with an in-
itial energy of 100 KeV in water with different salinity is shown in Fig. 1. This
figure shows that on the basis of regisury of radiation in the energy range 30-70
KeV it is possible to judge the change in the salinity of sea water. With work
with a source of the type Eul55 and Gdl33 with a yield of about 109 quanta/sec and
a scintillation detector the salinity of sea water can be determined with an abso-
lute error 0.02-0.03°/oo with a duration of the measurement of approximately 5 min-
utes.
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Fig. 3. Spectrum of characteristic emission of chlorine, potassium, calcium and bro-
mine.

It was demonstrated in [3] that in the study of water salinity in the coastal marine
zone the requirements on the error in measuring this parameter are reduced to
0.19/0o. It follows from this that in measurements of salinity with a given accuracy
by the considered method it was possible either to decrease the activity of the
source by a factor of 25 or to decrease the duration of the measurements to 15 sec,
all other conditions being equal.

The change in the potassium content in sea water can be judged from its radioactive
isotope K40, For example, on the basis of experimental investigations with a low-

‘background gamma detector of the "Limon" type supplied with an NaI(Tl) crystal meas-

uring 150 x 100 mm with a duration of measurement of one hour the K content can be de-
termined with an absolute error 0.005°/co [9]. For these purposes it is also
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possible to create apparatus with scintillation heta counters with a developed
surface.

For an express determination of other chemical elements of the fundamental salt com-
position it is possible to use roentgenofluorescent and neutron methods, the phys=-
ical principles of which were set forth in detail in [6].

The possibilities of using proportional counters for measuring the characteristic
emission of chemical elements of excited atoms of sea water were examined in [8].
There it was demonstrated that on the basis of the roentgenofluorescence (PPM) meth-
od it was possible to create automated systems for the analysis of samples under
laboratory and natural conditions. In this way it is possible to determine chlor-
ine, calcium and bromine in sea water. However, the possibilities of PPM are con-
siderably expanded when making measurements with semiconductor silicon-lithium de-
tectors. The author of [2] describes such detectors with thermoelectric cooling
having a resolution for potassium and calcium of 243 and 245 eV respectively. On
the basis of such a detector it was possible to create a sensor for measuring the
element—-salt composition of sea water directly aboard a ship. For the measure-
ments it is sufficient to use water samples with a mass of 2-3 g. The measurement
scheme is represented in Fig. 2. Computations for this geometry are made in ac-
cordance with [8]. We will assume that for the excitation of chlorine, potassium
and calcium atoms use is made of a titanium—tritium source (T = 12.3 g, Ey = 4.5
KeV) with a yield of 7.5-100 quanta/sec, and for the excitation of bromine -- moly-
bdenum-93 (T = 2300 years, Ey = 17 KeV) with a yield 1.5-108 quanta/sec. The area
of the detector, in accordance with Fig. 2, was assumed to be equal to 3.8 cmz,
whereas the area of the entrance window was 2.54 cm“.

On the basis of the considered PPM method, as demonstrated in [8], it is also pos-
sible to create submergible sensors, Such sensors can be assembled on the basis of
semiconductor detectors used in field geophysical practice.

Computations of the spectral distribution of the characteristic emission of chlor-
ine, potassium and calcium for ocean water (S = 35°/00) are illustrated in Fig. 3.
The counting rate at the photopeak of each element and the background is indicated
in Table 1. The absolute (AC) and relative (§ C) errors were computed with allow-
ance for the background emission in accordance with [6]. The table shows that the
highest accuracies in the measurements are attained when determining chlorine and
calcium. When making measurements with a submergible sensor, as a result of the
absorption of emission in an additional beryllium window, sealing in the sensor,
the measurement errors are somewhat further increased and measurement accuracy is
reduced. With an increase in source activity by an order of magnitude the measure-
ment error can be reduced by a factor of 3.

The discussed PPM sensors can be used in a study of changes in the element-salt
composition of sea water at shallow depths since otherwise they would be crushed
by the hydrostatic pressure of a great thickness of water. Neutron methods can be
employed in a study of sea water in an extremely wide range of depths: the neutron
gamma method, based on the registry of gamma emission of the radiation capture of
neutrons (NGM) and the neutron activation method (NAM).
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Table 1
Results of PPM Computations and Anticipated Absolute Measurement Errors
I.ahorafn'gy' anal - Submerged sénsor__
. t. sec t
Element ocm N . —_— 2 N —_—
pulses * " 100 400 p!’.lsﬁls* 100 100
seq| : sec
Chlorine 19 ‘ 4608 | 1808 | 0,037 0,02 1475 | 578 1 0,066 0,033
- Potassium 0,38 215 | 2136 | 0,012 0,006 122 1 1209 | 0,016 0,008
Calcium 0,40 773 | 2154 | 10,0037 [ 0,002 308 | 1415 | 0,0045 0,0022
Bromine 0,065 | 125 | 800 | 0.0014 0,0007 121 74. 0,0022 | 0,001l
*Nbackground/pulses
Table 2

Results of NAM Computations and Anticipated Measurement Errors

‘ T
1 . 2
E W M | Npack Y% | CHACT
Element MeV i pulses pulses | pulses1
1 \
; 2,15 108500 | 64700 350
Chlorine 16 71400 36400 850 | 032 9,5+0,03
dium 3.85 177 5
Sodi 576 47000 37780
- 1,38 74630 36100 o0 | 037 | 5250010
; 0562 2252 1000 50 2 10,0325+0.0017
Bromine m| 1013 235 000 |20 0675013
: 468 3.32 336 54, 220,
Calcium 1,05 21,2
31 39

The NGM, as demonstrated on the basis of theoretical [9, 10] and experimental in-
vestigations [11], can be used in determining chlorine. The author has demonstrated
that ig can be determined using a method with a californium source with a yield
~1°10° neutrons/sec and a scintillation counter of the "Limon" type. With a meas-
urement duration of 2 sec and a distance between the source and detector of 20 cm
the chlorine in Black Sea water (C = 9.5°/00) can be determined with an absolute
error of 0,09°/oc0 or a relative error of 0.94°/oo. By increasing the duration of
the measurements to 8 sec the measurement errors can be cut in half.

The neutron activation method [9, 10] can be used in determining chlorine, sodium,
bromine and other elements. In these studies expressions have bazen derived for cal-

culating the counting rates N at the photopeaks for individual lines of activating
chemical elements.
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Fig. 4. Gamma spectrum of Black Sea water activated by thermal neutrons. a) for de-
tector with ideal resolution; b) for scintillaticn detector of the "Limon" type.

Using these algorithms, the author, in collaboration with A, Kh. Degtyarev, made
computations of the spectra of gamma radiation at the output of a "Limon" detec-
tor. The computations were made by the Monte Carlo method for an idealized case:

it was assumed that all the gamma quanta hit at the center of the crystal. Due to
Compton scattering and the effect of pair formation the emission reckoned at the
photopeaks decreased from N to Nj (Table 2). The resulting spectral distribution of
emission is illustrated in Fig. 4. The conversion from curve a to curve b was ac-
complished using a Gaussian for the purpose of obtaining an "experimental” spectrum.
For the left part of the spectrum the interval along the x-axis was selected equal
to 20 KeV, and for the right part -- 100 KeV. The results of computations of the
measurement errors are given in Table 2. Computations were made for the case of
activation of water under natural conditions over a period of 30 minutes and meas-
urements of induced activity were also made for 30 minutes. The table shows that
when using the NAM method the highest accuracies are attained for chlorine and so-
dium and magnesium and calcium are determined less accurately.

We note on the basis of these materials that a combination of neutron methods is
possible. The entire outfit for the study of sea water can be carried aboard ships,
small boats, amphibian craft or rafts. A paraffin or water container with a mass of
1 ton is sufficient for storage of the neutron source. During the measurements the
sensor together with the container can be lowered over the side of the ship. When
the source is present in the container it is possible to determine the potassium
content in sea water and evaluate the gamma background. Chlorine in sea water can
be determined in the course of its irradiation in the course of a few seconds. Then
after irradiation of the water and removal of the source the induced activity of
the forming isotopes is measured in the container. In order for the current not to
distort the measurement results the irradiated volume of water must be recorded
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prior to irradiation and measurement. For this purpose it is necessary to fabri-

cate two hemispherical containers fixing the subsurface water volume used in the

measurements.

- We note in conclusion that all the operations for studying the salt-element compo-
sition of the water can be automated. On the basis of specially prepared programs
the data from spectrometric measurements can be processed on shipboard electronic
computers, at their output giving the salinity values and the concentrations of
determined elements of interest to the researcher.
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USE OF RADAR DATA IN A HYDRODYNAMIC MODEL OF RAINWATER RUNOFF WITH DISTRIBUTED
PARAMETERS
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[Article by V. A. Rumyantsev, candidate of technical sciences, and S. A. Kondrat'-
yev, State Hydrological Institute, manuscript received 5 Sep 80]

[Text] Abstract: In the example of the rainwater high-

. water hydrograph for the Polomet' River the
authors tested a model of formation of rainwater

- runoff with distributed parameters which makes
it possible to take into account the topography
of the watershéd, the spatial variability of the
hydrophysical properties of soils in the basin
and evaporation from the watershed surface. In
the computations use was made of information on
the precipitation fields determined both by the
radar method and using data from the surface
precipitation-gaging network. The results of
the computations made it possible to detect the
inadequacy of these fields, which is attribut-
able to inadequately perfect radar set calibra-
tion.

During recent years more and more studies have appeared in the hydrological liter-
ature which are devoted to models of rain-induced runoff. These are based on the
equations of motion of a fluid known from hydrodynamics [7]. However, these models
have not yet been used in computations and predictions of rain-induced runoff be-
cause one of their basic advantages, the possibility of taking into account the
spatial variability of the input parameters, can be realized fully only when
there is thorough information on the hydrophysical properties of soil and ground
and information on the field of precipitation. The latter can be obtained using
the radar method for measuring precipitation. Today individual studies are known
in which the materials from radar measurements are used primarily in determining
the mean precipitation quantities for the basin and the conversion to the runoff hy-
drograph 1s accomplished using graphic dependences [3] with use of models of run-
off with concentrated parameters [4] and linear conceptual runoff models [4, 10,
,11]. In contrast to those mentioned, in this study an attempt is made in the
example of the Polomet' River basin (Dvorets village) with a watershed area of
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432 km2 to demonstrate the possibility of using data on the precipitation field,
obtained using the radar measurement method, in a hydrodynamic model of forma-
tion of rain-induced runoff.

An automated complex for the radar measuremernt of precipitation was introduced in
the territory of the Valdayskaya Scientific Research Hydrological Laboratory imeni
V. A. Uryvayev, situated at a distance of 10 km from the Polomet' River watershed,
in July 1978, It includes a meteorological radar (MRL-2), the special "Osadki"
apparatus, developed by the Central Aerological Observatory [2] and the ASVT

. M-6000 controlling electronic computer. The automated radar measuring complex
makes 1t possible to measure the instantaneous intensity of atmospheric precipita-
tion in a radius 100 km around Valday each 5 minutes and represent it at a real
time scale in the form of a punched card for the mean intensity of precipitation
for elementary grid squares with an area of 10 x 10 km and simultaneously in the
form of punched tapes with information for grid squares with an area of 3.3 x 3.3
km for the entire territory scanned by the radar. In addition, the hourly layer
of precipitation and the sum of precipitation accumulated in 6 hours are printed
out and punched out, The choice of the Polomet' River as the object of investiga-
tions is also attributable to the good study of the basin, which makes it possible
to stipulate the spatial distribution of watershed characteristics.
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Fig. 1. Schematic representation of watershed and selected runoff directions. 1)
actual channel, 2) schematic channel, 3) boundary of watershed, 4) sectors of
watershed in which heavy clayey loams predominate, 5) light clayey loams and

sandy loams, 6) swampy deposits.

In the Polomet' River basin surface runoff is observed extremely rarely; here there
is a predominance of so-called "contact" [1] runoff. In this connection for comput-

ing the inflow into the channel network use was made of the following equation:

@ - V) G + S =R—E @
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with the boundary conditions h(0, t) = h(x, 0) = O. Here h is the intensity of
"contact" runoff, m is ground porosity, Wyp. is minimum moisture capacity, k is
a coefficient taking into account the hydraulic resistance of "contact" runoff,
R and E are the intensities of precipitation and evaporation, x and t are the
space and time coordinates.

In computing the transformation of the high-water wave in the channel we used the
equation for a kinematic wave.

- 94 | 9 VS, 43
e Tl | = (2)
[p = ch(annel)] ¢ i ( v ,5' !

with the conditions A(0, t) = A(t), A(y,0) = A(y). Here A is the cross-sectional
area, S.p is channel slope, N is the Manning roughness coefficient, P is the wett-
ing parameter, q is lateral inflow into the channel, y is the space coordinate.

The channels of the Polomet' River and its principal tributary, the Sosninka River,
- were approximated by linear segments (Fig. 1). In order for such an approximation
not to exert an influence on the final result it 1s necessary to change the para-
neters of the schematic channel (slope and Manning roughness coefficient) in a
definite way in comparison with the actual values. The relationship of the para-
meters can be obtained from the condition of equality of the travel time for the
initial and schematic channels. For determining the travel time t, ., we used a
formula from [7] 3

\5

trun = (—1££7—) ) (3
T T

7
where L is channel length. \sp q

By stipulating the drop in elevations A by the parameters of the initial channel

N', Sé » L' and the length of the schematic channel by L, it is possible to deter-
mine tke slope S = A/L and then from the condition of equality of the travel time
for both cases, taking intc account that q = q'L'/L, it is possible to obtain the

relationship between the roughness coefficients
13

N=N (l—'l-:—)ﬁ. (4)
For the approximation adopted in this problem we obtained Son = 1.5%, N = 4N'.

The computations were made for the high water passing during the period 5-20 August
1979, caused by rains falling during the period 5-7 August.

In formulating the initial conditions it was assumed that the low pre-high-water
river runoff occurs at the expense of the ground water supply, virtually not chang-
ing during the time of high water. The intensity of water supply ensuring a stip-
ulated pre~high-water discharge at the lowest-lying station was stipulated as the
initial condition for channel flow. This made it possible to obtain stable values
of the parameters characterizing the channel flow prior to the onset of high water
and after its ending.

The slope in the dirocction of runoff was determined for computing the inflow into

the channel network on the basis of an analysis of the topography for each of 53
grid squares with an area of 3.3 x 3.3 km covering the Polomet' River watershed.
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Then a schematic mapping of soil types was carried out (Fig. 1). A determination
of the soil type for each grid square was made in accordance with the maximum
percentage of the area occupied by different soils. It was found that in 24 grid
squares there was a predominance of heavy clayey loams, in 27 -- light clayey
loams and sandy loams, and in two -- swampy deposits. We note in passing that
there was not a single grid square in which sand predominated (in the watershed
as a whole it occupied about 4% of the area). The grid squares were similarly
classified as "field" and "wooded."

Depending on the type of soils, on the basis of observations made by N. I. Kapo-
tova and A. A, Kapotov, specialists at the All-Union Sclentific Research Hydro-
iogical Laboratory, and on the basis of data in the literature, for each grid
square we established its porosity and minimum moisture capacity values: for
heavy clayey loams m = 0.33 and Wy, = 0.27; for light clayey loams and sandy
loams m = 0.36 and W . = 0.25; for swampy deposits m = 0.96 and Wyyc = 0.83. The
evaporation intensities were stipulated on the basis of the mean monthly evapora-
tion values for August as given by S. F, Fedorov [8]: for wooded sectors it was
assumed that E = 0.11 mm/hour, for field sectors E = 0.096 mm/hour. The intradi-
urnal change in evaporation intensity was not taken into account. The initial
moistening Wo was stipulated on the basis of the moisture content in Tayezhnyy
ravine (an analog for wooded sectors in the Polomet' River basin) and Usad'yevsk-
iy ravine (an analogue for field sectors): Wy .. .= 0.209 (3 August) and Wy fie1q =
0.25 (30 July). The initial moisture reserves ¥or swampy sectors were determined
by a method proposed by 0. I. Krestovskiy,K [5] on the basis of the pre-high-water
runoff of the Polomet' River. According to an estimate which was made, the losses
prior to the onset of runoff from swamps should be 75 mm, It was assumed that the
runoff begins only after the moisture content attaine the minimum moisture cap-
acity values in the half-meter soil layer.

As pointed out by N. F, Befani [1], the rate of runoff of "contact" water is many
times greater than the rate of ground water movement. In this connection it can

be said that the k coefficient in formula (1), which when it was obtained was in-
terpreted as the filtration coefficient, lost its initial sense here and describes
the hydraulic resistance not only of intrasoil runoff, but also of the fine network
of rills, Therefore, for different sectors it was stipulated in the form

ky = ajkg,

here kj is a correction factor taking into account the runoff of water in the fine
network of rills, which was assumed to be identical for different soil types.

The differences in the filtration capacity of the soils were taken into account by
means of the coefficients aj, which were stipulated from the condition of mainten-
ance of the relationships between the filtration coefficients. On the basis of

data in the literature we adopted the following values of the aj coefficients: for

heavy clayey loams ajy = 0.1, for light clayey loams and sandy loams aj = 1, and for
swampy deposits ay = 5.

Thus, in the computations we took into account:

a) the spatial-temporal variability of the intensity of precipitation;

b) the spatial change in watershed surface slopes;

c) the spatial change in the hydrophysical characteristics of soils: porosity, min-
imum moisture capacity, filtration coefficient;
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d) spatial change in the intensity of evaporation in dependence on the nature of
vegetation;

e) spatial change in initial moisture supplies.

The channel roughness coefficient was taken from the tabulated data in [9] and was
equal to 0.025. The kg coefficient was determined inversely from the condition of

best agreement of the maxima of the computed and observed hydrographs [7]. A numer-
ical realization of equations (1) and (2) was realized on the basis of an explicit
finite~difference scheme for the approximation of differential operators, based on

an expansion of the solution for the continuity equation - oh 30
—_— = q
at ox

into a Taylor series [7]. If the h values are known at the points of intersection
of the i-th time layer of a selected uniform grid, the values at the points of in-
tersection of the (i+l)-st layer are computed using the formula

Y Q1= Djp+ D) [ Q. —0Q
"‘;*‘—"/+(*—'ﬂ7—'"+45 At+ | —F51% ( T
(5)
Gt 9 _ Dj+Dy [ QG=0Q _ 4+ +
2 24x Ax 2
i i1
gl—gq an
+_L—A?I—_}_2"

where D = 4Q/Jh; Ax, At are the spatial and temporal integration intervals; j
is an index for the grid points along the spatial axis.
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Fig. 2. Observed runoff hydrograph (1) for Polomet' River (Dvorets village) from
rains of 5-7 August 1979; hydrographs computed using radar information on the pre-
cipitation fields (2) and data from surface precipitation-gaging network (3).

The runoff hydrograph, computed using radar information on the precipitation
fields, is shown in Fig. 2. The value of the kg parameter, obtained invergely, was
3.65 m/min. The distribution of the precipitation layer over the area of the
watershed, according to radar data, is shown in Fig. 3a. Comparing the constructed
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hydrograph with the observed hydrograph, it is easy to see that during the drop-
off the computed water discharge values somewhat exceed the observed values.

The reason for this is an exaggeration of the radar data for the intensity of
precipitation in the right part of the watershed, as is indicated, in our opin-
ion, by a monotonic increase in this direction of the intensity of precipitation
at any moment in time and the layer of precipitation during the entire period of
falling of rain (Fig. 3a). As a confirmation of this we computed the same high
water with the use of data from the surface precipitation gage network. The pres-—
ence of 44 pluviographs within the Polomet' River watershed makes possible a suf-
ficiently good description of the spatial variability of precipitation.

625|55,6| 546|587 a) 0%5|635\603)601 §)

- 513144 7|37,3|35,6| 4171507 50,7164,7180,1|159,0(60,3|6%,%

J6,71333(35,2) 127|489 61,41 34, %(178,5) 74,6168,1161,058,8| 602\66,377,1(91,8

0 G6\91,01%1,5148,1|57,6177,8119,81146,6 76,71685)61,6158,%\60,0166,5176,2|8%,%

171934 |469(524| 653 s05\121211510) | 747|687 62,5\60,062,2\67.8 74,6056

41,8142, 9|92,8\54,7)|71,2, 98 5125, 5|146,6 58,0(65,6163,6(62,7162,570,0|72,2{40,7

6,0 |51,3|51,9162,2176,2]| 97,91120,7 72,0(69,8)69.3\72,3686\68,0{70,2

54.6183,0157,2|856 83,3188,3176,8161,4

Fig. 3. Spatial distribution of precipitation layer during period 5-7 August 1979
according to radar data (a) and according to data from surface precipitation gage
network (b).

The hourly precipitation layers obtained on the basis of pluviographic data were
interpolated at the points of intersection in a uniform grid with an interval of
1.1 km with subsequent averaging for each of the earlier defined grid squares.

The interpolation was based on an approximation of the precipitation field by a
second-degree polynomial of the coordinates and was accomplished in accordance
with a program prepared at the Computation Center of the State Hydrelogical Inst-
itute by O. M. Tolshina and N. A, Livanova., The distribution of the layer of pre-
cipitation according to surface data is shown in Fig. 3b. The hydrograph, computed
using surface data with the former value of the kg parameter, is shown in Fig. 2.
Some increase in the maximum of the computed hydrograph is attributable to the
fact that in the left and central parts of the watershed the data from the sur-
face precipitation gage network are greater than the radar data, as can be seen in
Fig. 3. The good correspondence of the forms of the computed and observed hydro-
graphs, and the coincidence of the time of onset of the maximum for both hydro-
graphs, indicates the adequacy of the model and the correctness of a priori stipul-
ation of the numerical values of the parameters. An improvement in the results

of computations for the dropoff of the hydrograph when using data from the surface
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precipitation gage network confirms the assumption made that there is an exagger-
ation of the radar data, and accordingly, is evidence of a definite noncorrespond-~
ence of the precipitation fields obtained using data from the surface network and
by the radar method. The reason for this is that the radar was calibrated with
calibration coefficients constant over the area and using precipitation layers
averaged for the watershed {6], which in both cases virtually coincide. In this
connection further work must be done for improving the method for radar measure-
ment of precipitation for the purpose of obtaining calibration coefficients vary-
ing over the area of the watershed in accordance with its local orography. In the
event of a successful solution of this problem it can be hoped that the accuracy
of radar data on the precipitation fields will not be lower than the accuracy of
the data from the surface network and due to the routineness in collection of
radar information there will be a substantial broadening of the region of applic-
ation of the described hydrodynamic model with distributed parameters.

At the present time work is being carried out for refining the physical picture of
formation of rainwater runoff in the basin of the Polomet' River. Although work on
the model was directed for the most part to solution of methodological problems,

it is proposed that it be brought to the stage of introduction into practical, rou-
tine short-range forecasts for ensuring support for an optimum regime for the op-
eration of melioration systems in the lower part of the Polomet' River basin. In
addition, the model may prove useful in simulation work for evaluating the influ-
ence of different kinds of agricultural and forestry melioration measures on the
formation of rainwater runoff in the basin. When carrying out numerical experi-
ments an allowance for such measures can be made by stipulating the soil charac-
teristics of the watershed or its topography modified for the reasons indicated
above. In solving the formulated problems, in addition to improving radar calibra-
tion, it is also necessary to make an evaluation and choice of the optimum interval
with stipulation of the hydrophysical characteristics of soils and topography in
the watershed.
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EXPERIMENTAL SUBSTANTIATION OF COMPUTATIONS OF THE RATE OF WATER FLOW ALONG THE
CULTIVATED SURFACE OF SLOPES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 93-96

[Article by G. V. Kostsov, candidate of technical sciences, Voronezh Agricultural
Institute, manuscript received 9 Jun 80]

[Text] Abstract: On the basis of experimental in-
vestigations of the influence of runoff and
slope on the rate of water flow along the
cultivated surface of different types of
soil and ground the author has derived a
formula for computing the rate of water
runoff in individual sectors of plowed slopes.

Investigations of the nature of change in the rate of water runoff along a loosen-
ed soll surface as a function of runoff discharge volume and the degree of slope
were carried out experimentally in the laboratory at the Voronezh Agricultural
Institute.

A special hydraulic flume was used in making the investigations. The working length
of the flume was 2.0 m and its width was 0.4 m. At the head of this flume there was

- a device for inlet of regulated water volumes in the form of a water layer uniform-
ly distributed in the width of the flume. Ground or soil was loaded in the trough.
A screw-type hoisting mechanism made it possible to impart different sloves to the
flume. A detailed description of the design of this apparatus was given in an
earlier published paper [1].

The water volumes fed into the upper part of the flume were varied in the range
from 0.05 to 0.26 liter/second and the surface slope was varied from 0.0l to 0.16.
The number of different variations of the water quantity fed into the flume was 5
and the number of slope variations was from 6 to 8. Each experiment was repeated
twice. The duration of each experiment (with a fixed discharge and slope) was 10
minutes. After its completion the ground or soil surface was restored. The’ runoff
rate was determined in the interval from the third to the fifth minute from the
beginning of each experiment by the introduction of a special dye into the water.

The runoff rate was computed using the formula
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¢ (1)

where L is the length of the flume in meters; t is the time required for the dyed
fluid to pass from the flume, registered by a stopwatch, in seconds.

The design of the hydraulic flume and the method adopted for carrying out the exper-
- iments ensured the formation of rates of water runoff which in absolute value were
as close as possible to the local rates observed on individual slope sectors.

The ground or soil loaded into the flume was first saturated for a rather long time
(not less than a day) with water to the point of total moisture capacity. The lumpy
surface of the soil present in the flume had a roughness extremely close to tha
roughness of a plowed field. Thus, when conducting the experiments there was a sort
of simulation of the conditions for the runoff of meltwater along a thawing surface
of a plowed slope.

In the course of the formulated experiment we studied the nature of the change in
the rate of water runoff along the loosened surface of gray forest and chernozem
soils, as well as sandy ground. In addition, allowance was made for the sheet ero-
sion of these types of soll and ground. The method for making such an allowance was
set forth in studies published earlier [1, 2]. The corresponding values of the total
sheet erosion obtained with identical discharges and slopes are given in the table.

In carrying out the experiments it was noted that with the runoff of water along the
surface of the tested samples there is formation of a network of microjets. Their
number and configuration change with time, which causes corresponding variations of
different hydrodynamic characteristics. For example, the depths of the microjets,
the hydraulic radii and the slopes of the forming channels change somewhat. Such a
phenomenon is especially characteristic for easily eroded types of ground and soil.

The rates of water runoff observed in the course of the experiments were varied in
a rather wide range. The greatest rates were observed in the case of easily eroded
types of soil and ground. The minimum rates were observed with soil and ground types
which are not easily eroded. The limits of variation of these rates are indicated
in the table.

In virtually all cases (except for individual cases of the runoff of water in small
volumes and with minimum slopes) there was a turbulent regime of water movement
since the Reynolds number was more than 300.

On the basis of the results of a preliminary analysis, and also taking into account

already available investigations of this question, the considered dependence was
approximated in the following way:

v = a Q™1P, 2)

where v is the rate of water runoff; a is a parameter characterizing the roughness
of the underlying surface; Q is the runoff per unit width of slope; I is surface
slope; m and n are the corresponding exponents,
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The values of the parameters of this dependence were computed by the mathematical
processing of data from 675 experiments carried out with a YeS-1020 electronic
computer.

The established values of the exponents m and n were varied in the following range:
m —— from 0.28 to 0.52; n -- from 0.36 to Q.47. Accordingly, taking into account
the relatively small ranges of thelr variation, henceforth with some approximation
we have used their mean arithmetical values, which in both cases were 0.4.

After such a transformation and the introduction of the correction factor k for-
nmula (2) was reduced to the following form:

vmkaQAPY (3

The introduction of the factor k is attributable to the circumstance that during
the period of runoff of water along the plowed slope the resistance of the under-
lying surface somewhat decreases with time and the rate of runoff increases. be-
caus . there is a gradual straightening of the runoff channels and a smoothing of
roughness elements.

The value of the k factor varies in dependence on the duration of runoff and in this
stage in the study can be estimated only approximately. Thus, on the basis of the
materials from these investigations and generalizing already available data on

this question [3] it can be assumed equal to 1.10-1.15.

In formula (3) the dimensionality of the rate of water runoff is expressed in meters
per second, runoff discharge in liters per second per 1.0 m of slope width and slope
in promille. The corresponding values of the a parameter are given in the table.

: : Y
0 50 Zg ke Kg
Fig. 1. Graph of the dependence of the a parameter on the degree to which different
types of soils and ground are subject to sheet erosion.

A subsequent analysis indicated that the values of the a parameter are dependent on
the degree to which differept types of soils and ground are subject to sheet ero-
sion, that is, on their erusional properties. The graph characterizing this depend-
ence 1s represented by a straight line (see figure). The graph very clearly indi-
cates the increase in the a parameter (decrease in roughness) with an increase in
total sheet erosion (& g). This is attributable to the circumstance that during
water runoff along a loosened surface of easily eroded ground and soil the water
velocity will be greater than when the water flows over soils which are not easily
eroded. In the latter case an influence will be exerted by the greater sinuosity
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and roughness of the microchannels forming during water runoff along the loosened
surface of these soils.

The accuracy of the computations of the rate of water runoff made using formula
(3) can be evaluated on the basis of the mean relative deviations of the computed
velocity values (Vcomp) from the observed velocities (Vyhg), the values of which
are given in the table.

In the above-mentioned form formula (3) can be used in computing the rate of runoff
of meltwater on individual sectors of plowed slopes. The following values of the a
parameter can be used: for sandy ground -- 0.130; for sandy loam -- 0.050-0.065;
for clayey loam and clayey soils —- 0.035-0.060. In che latter case the highest
values of the a parameter must be used for easily eroded soils and the minimum
values must be used for soils more resistant to erosion.
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DETERMINATION OF DAMAGE TO COTTON PLANTS IN DIFFERENT DEVELOPMENT STAGES RESULTING
FROM HAILFALLS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 97-102

[Article by K. Makhmudov, Administration of the Hydrometeorological Service of the
Uzbek SSR, manuscript received 8 Sep 80]

[Text] Abstract: On the basis of experimental in-

vestigations a study was made of different

_ aspects of the influence of mechanical damage
inflicted by hail on the growth, development
and yfeld of cotton plants. It is shown that
the greatest losses from hallfalls are observed
vhen there is severe damage to the cotton plants
during the period of maturing of the bolls,
whereas the minimum damage occurs in the budd-
ing phase.

Introduction. Research work for clarifying the influence of hailfalls on the growth
and development of cotton plants, insofar as is known to the author, was not carr-
ied out in our country or abroad up to the 1970's.

For the first time experiments for studying the influence of mechanical damage in-
flicted by hail on the growth and development of cotton plants under natural condi-
tions were carried out by B. A. Kamalov [2]. Later M. Makhmudov [3] and the author
[4, 5] studied the dynamics and biology of development of damaged cotton plants.
The results of these experiments indicated that hailfalls during the period of de-
velopment of cotton plants cause a considerable decrease in yield and a deteriora-
tion in the quality of the raw cotton.

Unfortunately, the mentioned studies were made on the basis of limited statistical
data and did not take in all the phases of cotton plant development.

In this article we give some results of investigations for clarifying the influence
of mechanical damage during the entire cotton plant growing season by means of sim-
ulation of hailfalls.

Method for producing artificial hailfalls., The artificial simulation of hailfalls
was used for the first time by the American researchers H. Laude and A. Pauli [7].

They inflicted mechanical damage on different varieties of winter wheat by means of
112
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inflicting impacts on the developing ear, knocking off some of the earlets,
crushing the stems, etc.

In our experiment a hailfall was simulated in the following way: small stones with
a diameter of 8-15 mm were tied, each individually, to a coarse string 70-100 cm
in length. The opposite ends of the strings were collected into a bundle and tied
to a small stick., The experimenter, holding the stick, rotating the stones in the
vertical plane and bringing them into contact with the plants, inflicts damage to
them to the desired degree. The length of the tied strings was dependent on the
size of the stone: the greater its size, the longer the string. This ensured

the uniform striking of the stones on the surface. The size of these stones was
selected in accordance with the spectrum of sizes of natural hailstones [6].

The adequacy of this method for inflicting mechanical damage to cotton plants for
simulating the process of a natural hailfall is illustrated in Fig. 1. This shows
a cotton farm at the Sverdlov collective farm in Namanganskiy Rayon in the Uzbek
SSR, which was subjected to a natural hailfall on 13 June 1977 (Fig. la) and an
experimental field subjected to artificial mechanical damage by the already de-
scribed method on 27 June 1978 at the Kalinin kolkhoz in Chustskiy Rayon in the
Uzbek SSR (Fig. 1b). Both fields were in the phase of flowering of the cottomn
plant at the time of damage.

As is well known, the damage to gardens, vineyards, grains, legumes and other crops
such as that shown in the photographs in Fig. 1 is called "100%" and in this case
they do not give any yield. However, the cotton plant with such damage still gives
some repeated yield. Accordingly, the degree of damage to the cotton plant can be
determined only after collection of the harvest.

In all cases of our experiment the degree of damage was such that only the damaged
stems without leaves and fruits remained, as is usually observed in natural hail-
falls as a result of the falling of heavy hail with a diameter up to 1 cm and
large hail.

Formulation of experiment. In the experiment we selected seven experimental plots
in which mechanical damage was inflicted on the cotton plants. Each experimental
plot had two control plots situated alongside the experimental plot in the same
line relative to the sowing. The width of both the experimental and control plots
was equal to two passes of a tractor with interrow working of the fields and there-
fore the plots measured 4.8 x 5.2 m (25 m*). With such a size of the experimental
and control plots the mean error in determining the yield [1] of the cotton plant
is 10%, maximum 247, minimum 0.1%. However, the error in determining the times of
onset of development phases does not exceed one day.

In the first experimental plot artificial damage was inflicted on the cotton plants
on 13 May 1978 in the phase of two-four true leaves, in the second plot -- on 28
May in the budding phase, in the third plot -- on 12 June, etc., with a 15-day in-
terval. In the seventh plot damage was inflicted on 12 August 1978 in the phase

of onset of opening of the bolls.

During the growing season for the cotton plants all agrotechnical measures in the

experimental and control plots were the same. During the maturing of the bolls in
the sown field, where the experiment was carried out, there was slight development
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of the cotton aphid. For this reason no measures were taken for contending with
pests.

Fig. 1. Fields damaged by natural (a) and artificial (b) hailfalls,

Phenological observations. Regular phenological observations were made beginning
with the time of imparting the first artificial hailfall and continued to the end
of the growing season. The results of these observations are given in Table 1.

The table shows that with damage to the cotton plants by hail in the early stage
of their development there is a weaker development of repeated sprouts in compar-
ison with plants damaged at later times of development. The analysis indicates

that after strong mechanical damage the cotton plant on the average after 10-11
days gives new buds, after 42 days a flowering phase begins and after 93 days
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the bolls begin tc open. Thus the lag in development is from 7 to 67 or more
days (depending on the date of damage) in comparison with the undamaged plants.
It is noted that in the damaged plants there is an increase in the duration of
each development phase. This increase is the greater the later the damage is in~

flicted.
Table 2
Influence of Mechanical Damage on Cotton Plant Yield
Number of ,

| umber of ggtgzlmyielc Yield per holl, g
Date of Plot scaled |cotton raw -

damage totalto:onﬂe . ‘tsen~|COt~
blant kg ‘ﬁger/ éon seeds| fiber

21,6 .30 2,77' 1.5

13 v [Damaged 1252 6.7 S04
Undamaged 1388 57170 PAIE N RN S ST O 3] N Y |
Difference - 136 +10 : —1.3| —b6,5] -0.83 —0.50 0,25
% =908 #1735 | 23,97 =390 —16,2] —16,6 |—15.5
; |
98 v |Damaged 1:300 54 . 6.3 232 4,73 3.000 1.5
Undanaged 1438 60 | 7.8 32 7\.44! 3.5 1]
Difference - 48 =06 i =150 -fhl —001) -5 0,08
% SGGE =100 - 1020 =19.2) 16,7 1150 =199
. ]
12Vl Damaged 1438 58 1 6.1 244 4.4 2,79 145
Undamaged l!}gg 6.6 '2'“ 4 H 1 30260 1,86
Difference |—% | =08 =250 =10.0] —0.85{ —0.47] —0.4!
B A ~.6| =121 | =20,1]=29,1]-17,2 | =144 |-22.0
97 Vi [Damaged 1237 4.3 4.6 184 3,69] 2430 1,24
Undamaged lg-;? 6.1 2.2 ?hs 502 3,02 2.0
: f 42 —18 | —4.6| =184 —1. 53] —1.07] —0,76
Difference |7o3 4| s | 5000 —50.0] =332 |- 30’4 | 8.0
13 VI [Damaged 123 1.5 LAl a6 3,371 219 1.93
Undamaged }.’l)gg 5_83 8.8 gg,? 7,32 3.56 1.96
D =176 —4, =74 =261 =215 —1, 44| —0.71
ffference \ToutSl TV LU | Tsat| aele | a0 ~36.2°
28 VIl |Damaged 83 0.3 02; 0.8 2,9 182l 104
Undamaged :I)g:l) -I.g ' b.(l) gf.é 4,84 3.08 1,76
B JL Y ey —=5.9] =236 —1,98! —1.26] --0,72
Difference | 3731 039 ! 0671 G67| 100 o400 |- a0
[2 VUI |Damaged 83 03 | 0.2 08| 2.9 1.8y 1,08
Undanaged 1596 6.0 o S a4 509 3240 18
D%fferem:e S1513) =88 | —7.01--316] 2,137 —1.36) —0.77
} S48 =951 | =0T, 3| 97,51 —41.8 | 42.0/-41.i
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Observations of the growth and development of damaged plants indicate that strong
mechanical damage in the early stage in development of the cotton plant consider-
ably decreases the density of the plant stand. For example, at the time of inflict-
ing the first artificial hailfall on the experimental plot, where cotton plants
were damaged on 13 May 1978 in the phase of two-four true leaves, there was a total
of 284 plants, and a month after damage there were 188 remaining, that is, the den-
sity of the plant stand had decreased by 33.8%, which was not observed in the case
of later damage. Similar data for a definite phase in the development of the cotton
plant were obtained earlier during natural hailfalls [3, 4].

Results of yield analysis. With the opening and maturing of the cotton bolls the
cotton was harvested several times. The number of bolls in the experimental and
control plots was counted for all the experimental variants. The results of the
yield analysis are given in Table 2. The table shows that the mechanical damage
inflicted on the cotton plant by hail in all phases of its development causes a de-
crease in the yield and a deterioration in the quality of the raw cotton. This oc-
curs both due to a decrease in the mean number of bolls, scaled to one plant (by
15-95%), and due to a decrease in the mean weight of the raw cotton per boll (by
50-42%). It is noted that the later the mechanical damage to plants occurs, the
greater are the losses and the worst is the deterioration in quality of the yield.

A decrease in cotton yield of cotton plants subjected to strong damage in the early
stage of development for the most part occurs due to a decrease in the density of
the plant stand. But a decrease in the density of the plant stand during this per-
iod favors the accumulation of a great number of boils, scaled to one plant, which
is not observed in other periods. As we see, the yield losses from strong mechan-
ical damage to the cotton plants are from 19 to 97%.

On the basis of the results it was possible to ascertain the dependence of the loss-
es to the cotton yield on the date of damage (Fig. 2). It can be seen that the max-
imum losses are observed when there is strong damage to the cotton plants during

the period of maturing of the bolls and the minimum losses are observed when there
is strong damage in the budding phase. Such a dependence is confirmed by the re-
sults of experiments carried out during natural hailfalls on cotton fields (see

Fig. 2). It makes it possible to establish the magnitude of the postulated losses
from hailfalls during the entire growing season for cotton plants.

Loss, %
0o 1t . 1 8o
[ 1
) . IS
/2 BRI ‘ ll‘
AR .
) 1
- 17/ '(‘ 0 j “3
\ 5 bl
40 \, o0 / D 1 g
A ' i
\\ o ' §o
ab i '2 l
i 1 1 =]
& = & 19
ASpeM Kag  ilom Hum  Adeem
. Apr May Jun Jul Kug

Fig. 2. Dependence of yield losses on date of hailfall. 1) results obtained during
natural hailfalls on cotton fields; 2) results obtained with artificial hailfall
on cotton fields; 3) losses which occur under production conditions due to resow-
ing of cotton plants.
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Summary

After analyzing the results of these experiments the following conclusions can be

drawn:

1. In cases of a strong hailfall on cotton fields there is a lag in growth and de-
velopment of 10-70 or more days in dependence on the date of damage.

2, Hailfalls in the early stage of cotton plant development cause a decrease in the
yield for the most part due to a decrease in the density of the plant stand (by
24-447),

3. Hailfalls exert a negative influence on the quality of the yield of cotton
plants and there is a decrease in the yield of raw cotton, seeds and fiber from
one boll (by 15-42%).

4, In general, the strong mechanical damage caused by hall reduces the yield of
cotton by 19-97% in dependence on the date of the hailfall.
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UDC 551.509.324.2(574)

IMPROVEMENT IN THE METHOD FOR PREDICTING THE INTENSITY AND QUANTITY OF
PRECIPITATION IN A WARM PERIOD

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian Ne 3, Mar 31 pp 103-106

[Article by A. T. Kenzhibayev and I. A. Petrichenko, candidate of physical and

mathematical sciences, USSR Hydrometeorological Scientific Research Center,
manuscript received 2 Jul 80]

[Text] Abstract: The transformation of formulas for
the prediction of precipitation is presented.
These formulas are based on allowance for data
on air humidity and the liquid-water content of
clouds for the purpose of use of information on
air humidity and temperature available under opera-
tional conditions. Analytical formulas are given
for predicting the intensity, duration and quantity
of precipitation and also regression analysis for-
mulas for refining the computations applicable to
the territory of Kazakhstan in the warm period.

This investigation is an improvement of the method for predicting the intensity
and quantity of precipitation applicable to the territory of Kazakhstan with al-
lowance for change in humidity and liquid-water content of clouds proposed by

I. A. Petrichenko in [4]. Using this method the prediction of intensity Iy and
the quantity of precipitation Q is accomplished in the coordinate system X, ¥, 2,

t using the formulas Ho g "o ”( oM ‘,951) i
== \p grds =) -‘1d"'.v.de=-§ rra il
h h
(1)
tH tH Mg oM\
0- _g o A9 gzat — | | Mdivey Cuzet - | \((;_U_X_H'W).ud:.
i 4 at o h o h '

where P is air density, q is specific humidity at maximum saturation, C, U, V are
velocity and the components of the velocity of movement of solid and fluid ele-
ments, M is the water mass in the liquid and solid phases in a unit air volume.

Equations (1) show that the intensity and quantity of any type of precipitation are
dependent, first of all, on the decrease in specific humidity accompanying the ver-
. tical ascent of saturated air, and second, on the redistribution of water avail-

able in the clouds in the liquid and solid phases, and also on the structure of the
vertical and horizontal air currents.
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It should be noted that the peculiarities in the horizontal and vertical structure
of air currents can be partially attributed to the lack of precipitation from al-
ready forming cloud cover over Kazakhstan in summer. Accordingly, for making com=-
putations of precipitation in this region it is desirable that equations (1) be
used.

The principal difficulty in the practical realization of equations (1) involves
the absence at the present time of information on the liquid-water content of
clouds.

On the basis of [2, 3, 7] we have proposed a possible method for using additiomally
available information on air temperature and humidity instead of information on
the liquid-water content of clouds.

We will use the equation for computing the liquid-water content of clouds and the
continuity equation in the form

M a_ oM (2)
Tw T oz " Tor
MUivyy, C =0, (3)

where M is the liquid-water content of clouds g/m3, ¥ is the coefficient of ver-
tical exchange within the clouds.

In concise form we will write the results of expansion of an individual derivative
of the liquid-water content of clouds, with three-dimensional divergence of the
velocity of their movement and with addition of the left- and right-hand sides of
equations (2) and (3) in the form

oM MU MV oMW 0 dM

ot 0x dy +7% T or " e (4)

We will introduce the parameter of intensity of precipitation I equ+1l to the value
MW .

Transferring the first three terms in equation (4) into the right-hand side, we ob-
tain the equation
ol @ oM oM oMU MV
‘&"'67'*’5?’"37‘“( d9x T oy ) (5)
After integration of equation (5) from the condensation level h to the upper cloud
boundary H and the assumption that the intensity of precipitation at the upper
cloud cover boundary is equal to zero we have

H H H
M oM [ oMU oMV
Iy (M gy M| (T2 4 5] dr (6)
B O o¢ A

We add the first equation from (1) and equation (6). After shortening of such terms
the resultant intensity of precipitation at the condensation level will be deter-

mined by the equation
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H H
I,.:—é‘p._di.d:-*.-j‘ﬂﬂ'z—-y—sz— N
h

In accordance with expression (7) the intensity of precipitation in the atmosphere
is determined not only by macroscale atmospheric processes (first term), but also
physical processes within the clouds (the last two terms).

In the absence of precipitation some of the atmospheric moisture content is ex-
pended on the formation and maintenance of cloud cover.

From equation (7), with some transformations taken into account, it is possible to
derive prognostic equations (11)-(11'), making it possible to use information
available from operational work.

In accordance with [1], the liquid-water content for cumulonimbus clouds can be ex-
pressed through the elasticity of water vapor saturation E in the following way:

M=0s87E. )
The coefficient 0.57 was determined empirically for the territory of Kazakhstan.

The second and third terms in equation (7), taking expression (8) and the Clausius-
Clayperon equation in the form 0E LE Lsg

SR.T:="T

into account can be represented in the following way:

H H h
c)M T oE = [ OF 0T -, { pq AT
dr =0, ( E. gz =057 9L 9T ge—0,57L | L9 9 4,
s ) = z 015 T ot de S L'jl 9 dz 9)
H H
oM | OE | _ o5 . OF OT . q (10)
Ml A 3 T 0.5+ L 7= T |-

where L is the specific heat of vaporization (condensation), the remaining nota-
tions are generally known.

- Taking (9) and (10) into account, from equation (7) we obtain the principal prognos-
tic equations (11)-(11'), which can be used in a numerical hydrodynamic forecast

of the intensity and quantity of precipitation on an electronic computer, in par-
ticular, for the territory of Kazakhstan: :

H H
1,,=-£ p% dz +0,57 L (%i’d_f. dz 40,57 L+ 24
A

B

—

tH
9 g at - 057 L pg oT
b 9 '”T—r‘”‘"* 1)
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t
+fos7 L 2L o |t
o n (11)

In the coordinate system x, y, p, t the prognostic equations have the form

- . . S e
1 dq 0,57 L oT 0,57 L+.q .
e (e gy 0L 4 o, 05TLi
Jode T Ba
I'4 7o 4 o T ot 4 P
awm
Uil a 057 L ({ q oF
Pl 49 gy 90T L 297 ypae—
Q‘gsj dt pd I3 ST_dtdpd
b p Y p
0,37 L~ K
fesrtie g

[BA = moist adiabatic]

where g is the acceleration of free falling; the remaining notations are well
known.

The operational numerical synoptic~hydrodynamic scheme for the forecasting of pre-
cipitation for a time up to 36 hours, developed in the synoptic research labora-
tory at the USSR Hydrometeorological Center [5, 6], can serve as a base for carry-
ing out additional computations of precipitation using formulas (11)-(11l') -- the
second and third terms,

In computing the quantity of precipitation a factor of more than a little importance
is its duration.

The author of [3] gives a semi-empirical formula for determining the duration of
shower precipitation

(= lom-ss
U700-500 (12)
where O _ is the length of the trajectory of movement of cloud cover giv-
- }:0 0 - 850 = v
ing precipitation, vygg.5gp 18 the rate of movement of the cloud cover, X is a co-
efficient numerically equal to the ratio of the area of falling precipitation to

the area of precipitation-forming cloud cover.

If the coefficient N is introduced into formula (12), it is possible to compute
the duration of both strong and weak precipitation:

¢ =L hon-m (13)

] U700~ 500
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Now we will clarify the physical sense of the N coefficient. If in computing Iy
in equations (7) we limit ourselves only to the first term, the equation can be
represented in the form -

Iy =n 1, (14)

vhere I is the resultant intensity of precipitation in the atmosphere at the
condensation level, I is the intensity of precipitation caused by allowance only
for the first term in equation (7); 7 is a dimensionless approximating coefficient
governed by the following integral expression in accordance with equations (7) and

(14): ]
H H
gzg:—dz—v% (15)
1‘=|+ h 77 y A ’
—_ p-i}-d:

It follows from expression (15) that in schemes for the prediction of precipita-
tion it is necessary to include computations of the layer-by-layer content of mois-
ture in the atmosphere. )

For computing the duration of continuous precipitation it is also possible to use
a formula froem (5], for example:

RT-Ty (16)

[oén = cloud] fobs o ==t — ¥ ’

where tgjoud 850 is the duration of falling of precipitation from the 850-mb level,
t is the advance time of the forecast, (T - Td) is the dew point spread predicted
at this level at a point, taking into account the advective and transformational
changes in T and T4, |T | 1s the modulus of ordered ascending vertical velocity for
the predicted period at the isobaric surface 850 mb.

The duration of falling of precipitation at the earth's surface is determined by
the duration of precipitation at ATgs5g and AT,qg.

It therefore follows from the above that a determination of the intensity of precip-
itation in the atmosphere and its duration using formulas (11), (11'), (13) or (12)
makes it possible to predict the quantity of precipitation in different regions, in-
cluding with a continentally arid climate, in particular, in the territory of Kaz-
akhstan.

The prediction of precipitation for the territory of Kazakhstan on the basis of its
intensity and duration computed using formulas (11)-(13) can be improved with the
additional use of data from a regression analysis, making it possible to take local
regional conditions into account.

For example, for one of the stations in Kustanayskaya Oblast, with use of data from
automatic recorders on the intensity I, duration t and quantity Q of precipitation

for the warm period of the year on the basis of observational data for 1967-1976
(100 cases were examined) a regression equation was derived in the form
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Q=Clog, an

where the coefficients C = 0.794, a = 0,748, b = 0,586 with a correlation coef=
ficient equal to 0.68.

Substituting the I and t values, computed using formulas (11)-(13), into formula
(17), we obtain the quantity of precipitation for 12-hour time intervals for an
advance time up to 36-48 hours.

It should be noted that computations of precipitation on the basis of formulas (1)~
_ (13) can be made for any forecasting regions, whereas formula (17) must be derived
statistically specifically for each forecasting point.
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UDC 551.594.221

POSSIBILITY OF PREDICTION OF LIGHTNING DISCHARGES
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 107-108

[Article by V. I. Arabadzhi, professor, Tula Polytechnic Institute, manuscript re-
ceived 23 Jul 80]

[Text] Abstract: The possibility of monitoring the
clectric field in a well-developed cumulus
cloud up to the formation of a lightning
discharge is examined. On this basis the

- author proposes prediction of development
of lightning discharges in clouds.

In order to clarify the possibility of predicting lightning discharges in the
weather service it is necessary to have a more complete knowledge of the condi-
tions for the development of cumulus clouds into thunderstorm clouds. We will at-
tempt to give some rough evaluations of this process.

We will examine a well-developed cumulus cloud, in the first approximation regard-
ing it as a heat engine. The work performed by this engine in the separation of
electric charges and in creating an electric field can be expressed by the for-
mula

where Q1 1is the energy expended on charge separation in the cloud, T; is the tem-
perature of the heater (the mean temperature of the lower part of the cloud), Ty
is the temperature of the cooler (the mean temperature of its upper part), Yis

a factor less than unity taking into account the efficiency of operation of a real
heat engine in comparison with an ideal engine (in our case it characterizes the
energy losses in the formation of the electric field in the cloud).

We will compare the work according to (1) with the work which is performed in a

lightning discharge. Assume that the electric energy of the cloud before and af-

ter the discharge is equal to CV%/Z and CV2/2, where C is cloud capacity and Vo

and V are its potential before and after the discharge. Then the work of the dis-

charge is L
cV: CV?*_ ...

A-:_.)_."—.—zC‘..(\n—'V)- (2)

9

Equating (1) and (2), we obtain
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Equating (1) and (2), we obtain

T —T,
CVy (Vo— V) =1Q, ("'—[l_L) (3
We will assume further that the kinetic energy of a cloud unit volume, as a re-
sult of charge separation in it, is transformed into the electric field energy
in conformity to the equation A
vl e, £2
T =y ()

where P is the density of the charged component of the aerosol medium (cloud), v

is the rate of separation of charges of opposite signs, £, is the electric con-

stant, & is the dielectric constant, E is electric field strength, ) is the already
_ mentioned coefficient of energy losses associated with formation of the electric

field in the cloud. Expressing‘y from (4) and substituting the result into (3),

we obtain . -
o E? T,—T.
CVu (Vo= V) = B 0 (57).

(5)

We rewrite Q1(T; - T2)/T1) in the form S(T; - Tp), where S is the entropy lost by
the heater and we will denote the mean value of lightning discharge energy, which
we will use henceforth as an approximate parameter, by W. Then for the electric

field developing in the cloud we will have

,,p w
L R T AR (6)

Since (6) was derived with allowance for the entropic exchange in the cloud, it

can be regarded as quite important for evaluating the possibility of development

of a discharge. By stipulating the mean energy of the lightning discharge W and
experimentally detemrmining the £, v, T1, T2, € and S values, using formula (6)

it is possible to evaluate the degree of approximation of the electric value to
that critical value which will ensure the development of a lightning discharge

(we note that with allowance for a density of charged aerosols ana their corona
discharge typical for thunderstorm clouds the field strength responsible for a dis-
charge in a cloud has a value of about 10° V/m).

For practical purposes it 1s important to foresee the region of the beginning of
the discharge and the direction of its branching. In most cases the discharge be-
gins in a droplet or droplet-ice part of a thunderstorm cloud where there are
favorable conditions for this (additional electric fields as a result of fragment-
ation of the charged droplets and the falling of precipitation, some increase in
the length of the free path of electrons in comparison with surface conditions,
which ensure the development of the discharge channel, and a decrease in the ion-
ization energy of molecular associations and complexes with individual molecules).
The discharges, beginning and ending in the cloud or in the space directly adja-—
cent to 1t, require a lesser energy for their development and therefore are observed
more frequently than discharges at the ground. However, often there are discharges
excited by the electric field of a thunderstorm cloud, but not beginning in the
cloud, but at the ground surface =-- discharges into high structures. For example,
it is known that discharges into the Ostankinskaya television tower above 500 m
are ascending, 1.e., branch from the tower to a cloud., Discharges into the Empire
State Building in the United States become ascending beginning at a height of 390
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m. This effect is attributable to the high strength of the electric field at the

upper parts of high buildings. In the first approximation this field increases in
conformity to the law

E = Fa "“.
N (7

where Eg is the field of the thunderstorm cloud at a plane earth's surface, h is
height of the structure, R is the effective radius of curvature of the discharge
apparatus at the top of the structure.

Assuming for the Ostankinskaya television tower h = 536 m, R 0,7 m and at the

earth's surface E0~4 .103 V/m, for the electric field strength at the top of the

tower we obtain E# 106 V/m. With such a field strength in dry and pure air at the

earth's surface there is an electric charging of the air, At the top of the tower,

for the most part due to coronal discharge suitable conditions will prevail with a

lesser field strength. Thus, by knowing the height of the structure it is possible
| to foresee the direction of development of the lightning discharge over it.

We have briefly examined some points which can find application in work on the pre-
diction of lightning discharges. Further research work is required for explaining
the possibility of introducing these proposals into weather service practice.
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DETERMINATION OF FILTRATION COEFFICIENTS OF COHESIVE SOILS IN A FROZEN STATE
THROUGH THEIR KINETIC SPECIFIC SURFACE

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 109-112

[Article by V. I. Shtykov, candidate of technical sciences, Northern Scientific Re-

search Institute of Hydraulic Engineering and Melioration, manuscript received 15
Jul 80]

[Text] Abstract: The article describes the derivation
of a dependence for determining the filtration
coefficients for cohesive soils in thawed and
frozen states through their kinetic specific
surface. The author gives recommendations on
the determination of individual characteristics
of the ground entering into the cited dependences
and also the results of a comparison of the fil-
tration coefficients computed using the proposed
dependences with their values obtained from ex-
periments under laboratory conditions.

A determination of the filtration coefficients for cohesive soils in a frozen state
involves great difficulties under both field and laboratory conditions. It is there-
fore of considerable practical interest to examine the possibility of using other

methods, such as computations, when only individual characteristics of the ground
in a thawed state are to be determined under laboratory conditionms.

As in the case of friable soils, it is desirable to use as a point of departure a
filtration scheme for the ground in which it consists of a mass of filtration pas-
sages. For friable soils we have the following dependences for determining the rate
of movement and position of the percolation front with time [4]:

dy v d [M:cos» ;(_h_ tl)]_ o
dt T 8=n dyy TNy /
S =tu {AscosH +d,vh | P Ascos® 4+ d, v h o)
] ( dy 1 "TAzcosY v d 1M xd, 1y ‘)1,' (2)
U i

where y is the distance from the ground water level to the percolation front in a
vertical direction (with percolation from above, from the surface), cm; T is time,

in seconds; Y is water density, g/cm3; d, is the computed diameter of the filtra-
tion passage, computed from the dependence (6), cm; |4~ is the dynamic viscosity
coefficient, g(cm-sec);
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v 2.5 (i +
(a - i=B =5 | 1=n ———L_.”’_—|
A l—-“.hpl*” 1
(n—i---B)lt-n--,..w,.»—'—'—“’—l_i—*_-i.'—_-
l--06) =B

A is a parameter taking into account the content of unfrozen water in the friable

- soil, which with Wy, = 0 is equal to 1; O is the coefficient of water surface ten-
sion, n/cm; 8 1s the wetting angle; h is the water layer at the ground surface with
percolation from above (with movement from below h = 0), cmj n is porosity in frac-
tions; i 1s volumetric ice content in fractions; B is the content of entrapped air
in fractions.

In the case of cohesive soils the computation diameter of the filtration passage

is expressed through the kinetic specific surface of the ground. We use the known
fact [1] that the 2n/€( ratio is equal to the mean radius of the pores. We will as-
sume that the above-mentioned expression is equal to the computed radius of the
filtration passage when € 0 is understood as the kinetic specific surface of the
ground, that is, "dead-end" pores are excluded from consideration. Taking into ac-
count what has been said, dependence (1) for coherent soils in a dry state will
have the form

dy 2 on: m3cos 8

[ h
—_— — e — = ],
d= -._'"!n") ny T( y - )l (3)
where g is the acceleration of free falling, cm/sec?; ¥ is the kinematic viscosity
coefficient, cm?/sec.

With y-+co, and also joining of the percolation front with the ground water level,
the infiltration process passes into a filtration process and by virtue of the

known expression v KI

df n
from (3) we obtain a dependence for determining the filtration coefficient for co-
hesive soils.
2 (4)
) ' n'(", '
where I is the pressure head gradient, in this case equal to 1.

K =

In the case of clayey ground the term in parentheses in expression (3) can be
neglected, and with dependence (4) taken into account we obtain the B. V. Deryagin
formula [1]

2 Kscos®
= n'.‘-l N (5)

<

In the derivation of formula (5) the author used as a point of departure the equal-
ity of work of wetting forces and frictional forces, that is, the work of gravita-
tional forces is neglected. Accordingly, it is rigorously applicable only to the
case of horizontal percolation, and in the case of vertical percolation -- to fine-
grained soils, and in particular, to clayey soils, for which the capillary potential
is much greater than the gravitational potential.

129

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030065-3



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030065-3

FOR OFFICIAL USE ONLY

2 Dependence (4) gilves the value of the filtration coefficient at the beginning of
the process of infiltration into dry ground. Upon the elapsing of some time with
the saturation of cohesive soils with water the latter "loosen up." A film of
bound water is formed around each of the particles and this film, with an accuracy
adequate for practical purposes, can be considered immobile. With a moistening of
the cohesive ground there is no substantial increase in the initial ground volume,
but the total surface of the particles increases since for this we use the surface
of particles with allowance for the immobile film of bound water, which leads to a
decrease in the activc porosity of the ground and an increase in the kinetic spe-
cific surface. An increase in the specific kinetic surface is confirmed experiment-
ally (see Table 2, columns 3 and 4).

We will assume that in the case of cohesive ground as well the structure of the for-
mula for determining the computation diameter of the filtration passage is the same
as in the case of friable soils [5]. Then for cohesive soils in a moist state we

write
n- B—1wW,

dy= T A+ BrmW® (6)

where Yb is the volumetric mass of ground in a dry state, g/cm3; W. is the content
of firmly bound moisture in fractions of the mass of dry ground; C is a parameter
dependent on the kinetic specific surface of the ground.

For cohesive ground in a dry state dependence (6) has the form

n

dy=Cr—ph. )]

Using the relationship between the mean radius of the filtration passage and the
kinetic specific surface of the ground, we express the C parameter through &g

4 (1 --n)
Com——. (8)

The value of the computation diameter of the filtration passage, computed using
the dependence (6), corresponds to the kinetic specific surface of the cohesive
ground in a water-saturated state (8‘4). Using the dependences (6), (8), and also
the expression .
. 4("_B—T||W‘-)

L A
we obtain a formula reflecting the interrelationship between the kinetic specific
surface of the cohesive ground in dry and moist states,

(l—n-B8B+ 1. W) t
= T—=n —. (9

By analogy with moist cohesive ground, in the case of its freezing the dependences
for determining the computation diameter of the filtration passage and the kinetic
specific surface will have the form
n—i- B—-.W
d,=C 28 (i+B)_° (10)
- We Wﬁ
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A (n—B—1--1.1,)

1= r

(11)

As a result the kinetic specific surface of cohesive ground in a frozen state is
expressed through the kinetic specific surface of this same ground in a dry state
in the following way:

: 2.8 (i + B)
I~ to Wet —————=—=—1 i,
"t ‘+l—-0.6Vl:-Bl‘

1—n 12

Thus, for determining the filtration coefficients for cohesive soils in a water-
saturated or in a frozen state we have the dependences

Ko = 28(n—8B— 3 W3l -- a1 (13)
WE rmt(l—a+ B+nWeg'

K 2g(n-B—- 1 W= (1l —np?
M= - 28(i+B) P, (14)
K?[l—n .1.|W¢-r ———_1—0.5}/——1-'2-5] Lh]

It should be noted that dependence (14) is valid only for cohesive ground in which
heaving is absent. The volumetric ice content of the ground i consists of the ini-
tial iy ice content and the increment to ice content as a result of the partial
freezing of water filtering into the ground i'. It follows from an analysis of de-
pendence (14) that frozen friable soil can become impermeable with an i value sub-
stantially less than the porosity due to the presence of entrapped air and bound
water in it.

Infiltration into frozen cohesive soils and the conditions under which it ceases
were examined in a study by I. L. Kalyuzhnyy and others [3].

Table 1
Content of Unfrozen (W,,) and Firmly
Bound .(We) Water in Frozen Ground

Name of soil by Wyn With t = 0°C W¢ in fractions
mechanical compo- in fractions

sition

Sandy loam 0.07 0.02
Clayey loam 0.10 0.04
Medium clay 0.20 0.08
Heavy clay 0.35 ' 0.20

Now we will examine the problem of determining the individual parameters entering
into the dependences cited above. In the absence of data on the content of en-

trapped air its value must be assumed equal to 0.03. Having data on the content
of unfrozen water in the ground (Table 1), the initial value of the volumetric

ice content can be determined using the N. A. Tsytovich formula
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1= Yo - W)/ YVices (15)
where W is the total moisture content of the ground by mass in fractions; Wyp
is the content of unfrozen water by mass in fractions in the frozen ground; ¥ice
is ice density, g/cm3.
Table 2
Results of Determination of Filtration Coefficient of Plowed Layer in Thawed State

Kinetic specific surface Filtration coefficient

n B of ground, cm~l 10~% cm/sec

dry moist experi- using (14)

mental

0.484 0.020 1410 1586 5.5 5.2
0.501 0.024 1370 1550 4.9 6.0
0.498 0.031 1376 1576 5.0 5.4
0.493 0.029 1390 1589 5.3 5.2
0.489 0.034 1400 1610 4.7 4,7
0.478 0.039 1430 1660 3.9 3.9
0.473 0.032 1446 1660 3.5 3.9
0.464 0.033 1454 1670 3.8 3.6

Table 3

Results of Determination of Filtration Coefficient of Plowed Layer in Frozen State

giggglguﬁgiZe Filtfation/coefficient,
noo ¢ B of ground cm™ cm/sec
dry lfrozen lexperiment | using (15)
0,468 0.000 0.021 1460 1810 1.9-10-4 2,1.10~¢
0,491 0.059 0,022 1400 2270 1,3:10~4¢ 1,1-10~4
0,500 70,084 0,028 1365 2560 0,8.10-4 0,7-10~-4
0.506 0.111 0.000 1353 2520 8,0-10~5 7.8-10-%
0,547 0,121 0.020 1240 3020 5,2-10-8 59.10-8
0.513 0.161 0,029 1330 3430 24-10-5 2,0-10-%
0,525 0,177 0.032 1300 3630 1.6-10-8 1,7-10-8
0,540 0212 0,037 1260 4100 0,8-10-3 1,0-10-3
0,528 0,266 0,039 1290 4900 2,4-10-¢ 2,7-10-%

In conclusion we will cite experimental data for determining the filtration coef-
ficients in cohesive soils in thawed and frozen states. The kinetic specific surface

of the ground in a thawed state was determined by the B. V. Deryagin method [2] and
in frozen ground was computed using the expression (12).
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Tables 2 and 3 give the results of computation of the filtration coefficients for

two different soil types of the plowed layer in thawed and frozen states and also
data from their experimental checking.

Tables 2 and 3 show that the coincidence of the results of computations using the
proposed expressions and the experimental determination of the values of the fil-
tration coefficients for cohesive soils is entirely satisfactory.
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UDC 556.132(571.1)

EVALUATION OF APPLICABILITY OF DIFFERENT METHODS FOR DETERMINING EVAPORATION FROM
A WATER SURFACE IN A ZONE OF HUMMOCKED SWAMPS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 112-115

[Article by Yu. P. Moskvin, State Hydrological Institute, manuscript received
8 Aug 80]

[Text] Abstract: A study was made of the problems
involved in applicability of different meth-
ods for determining evaporation from a water
surface in the zone of hummocked swamps in West-
ern Siberia. As a standard use was made of the
method for determining evaporation on the basis
of observational data in the GGI-3000 floating
evaporator with the introduction of correspond-
ing corrections. The accuracy in determining
evaporation from a water surface is evaluated
by computation methods with and without observ-
ational data over the surface of a lake.

Existing methods for computing evaporation from a water surface for the most part
are based on experimental materials obtained on the basis of observations over the
European USSR, in Central Asia, Kazakhstan and in the southern part of Siberia. Due
to the intensive economic exploitation of regions in the Far North the need arises
for developing an observation method and choice of an optimum method for computing
evaporation from a water surface for these regions, The West Siberian Expedition
of the State Hydrological Institute over a period of years carried out work for in-
vestigating the water balance components of hummocked swamps and in particular, for
estimating evaporation from the water surface of small lakes within swamps employ-
ing a floating apparatus with a standard GGI-3000 evaporator.

The basis for this study was observational data obtained during the warm periods
1978-1979. In making the observations we selected a lake with an area of 0.178 km2
situated within a swamp which was the most characteristic for the investigated re-
gion. This lake has an average depth of about 1 m and is situated in an unwooded
complex with flat-topped hummocks. Trees with a height of 2-3 m were situated 30-80
m from the lake shore on the northern and northwestern sides and 150-200 m from
the western part of the lake. There were no trees on the southern and eastern
sides.
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Fig. i. Correlation graphs of 10-day sums Fig. 2. Dependence of monthly sums of

of evaporation from water surface deter- evaporation from water surface deter-
mined from data from observations with mined from observational data from
floating evaporator apparatus (E ) and floating evaporator apparatus and com—
computed using formula (2) (E.q 951978— puted using data from continental sta-—
1979. 1) observations 4 times a day; 2) tion in absence of observational data
observations 8 times a day; 3) correla- for 1978-1979. 1) using formula (5),
tion for observations four times a day; 2) using formula (2).

4) correlation for observations eight
times a day.

A full complex of observations with the floating evaporation apparatus, including
observations of the meteorological elements over the water surface, were made in
accordance with the INSTRUCTIONS [2]. In addition, in 1979 observations were made
with continuous registry of the principal meteorological elements (wind speed,
relative humidity and air temperature), .which made it possible to obtain the mean
daily characteristics of the mentioned elements of the meteorological regime over
the water surface for eight observation times. The elasticity of water vapor over
a water body was determined using psychrometric tables on the basis of data regis-
tered eight times a day on relative air humidity taken from hygrograph tapes and
reduced to the readings of an aspiration psychrometer.

As a standard we employed the method for determining evaporation from a water body

on the basis of observational data obtained with the GGI-3000 floating evaporator.

In accordance with {1], evaporation from the lake at the site of the floating evap-
orator was computed using the formula

, ey — €-on
E=08E ———U(’)—!m . [6))

where E' is evaporation according to the GGI-3000 floating evaporator, in mm; 0.8
is a factor taking into account the instrument correction for the GGI-3000 evapor-

ator; eg, e'o is the maximum water vapor elasticity, computed on the basis of tem-
perature of the water surface in the water body and in the evaporator respective-

ly, in mb; eppg is absolute air humidity at a height of 200 cm from the water sur-
face on the floating evaporation apparatus, mb.

135

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030065-3



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030065-3

FOR OFFICIAL USE ONLY

Table 1

Determination of Evaporation (mm) From Water Surface by Different Methods

Using = |Using-State Hydrological Inst. formulas
Ten~-day G(é _‘568}6 with observational] in absence of obser-
Month | jeriod evapora- [4afa. using (2) vational data
: _ tor data | 8 times! 4 times lusing (2) using (5)
1978 r.
July 2 26(8) 29(8)
3 33 35
A t 1 18 21
- 1gus 2 20(9) 22(9)
3 15 16
Month 53(30) 59(30) 62 72
September 1 14 15
2 7(9) 10(9)
3 4(7) 5(7)
Month 25(26) 30(26) 27 35
1979 r
June 1930 22 24 27 3 13
Ju 1 32 41 41
2 2 34 41 42
3 46 49 52
Month | 12 131 135 113 123
A 1 23 27 27
ugust 2 29 34 33
3 20 22 23
Month | 73 83 83 91 97
1 18 18 21
September ’ g 9 )
3 I 10 15
- Month 38 37 46 50 50
October 1—-3 3 3 4
248 278 295 257 284

Note: The number of days of observations is given in parentheses.

The evaporation quantity determined using formula (1), as a result of the insignif-~
icant area of the lake, was used as the mean layer of evaporation from the entire
lake. For evaluating the applicability of the computation method when observational

data are available we computed the 10-day evaporation sums using the generalized
formula of the State Hydrological Institute

E=0,147 (er—ex0) (140,72 tiaon), (2)

where n is the number of days in the computation time interval, u200 1s the mean
wind velocity over the water body at a height of 200 cm, m/sec.
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In 1978 the computations were made using four observation times each day and in
1979 using eight observation times each day.

The results of the computations are given in Table 1 and are illustrated in a graph
(Fig. 1). An analysis of the data in the table and graph shows that computations of
evaporation using the formula of the State Hydrological Institute with the use of
data from observations four and eight times each day leads to a systematic exagger-
ation of the results. The magnitude of the indicated exaggeration in the case of ob-
servations eight times each day averages 10-13%, and in the case of four times each
day -- 17-20%. The correlation coefficients for these dependences are equal to 0.9,
which makes it possible to recommend as a computation method the determination of
evaporation from intraswamp lakes in the considered region using the dependences

E
E

0.84Efour timess (3)
0'90Eeight times* 1))

won

For evaluating the applicability of computation methods for the conditions of hum-
mocked swamps in the absence of observations at the lake we made computations of
the monthly sums of evaporation from the water surface using data from the near-ly-
ing meteorological station Tarko-Sale. In computing evaporation we used formula (2)
for the conditions of absence of observations at the lake and the formula

E= EarbKUKLmean’ (3)

where E, . is the evaporation from an arbitrary water body, Ky and KLpea, are co-
efficients taking into account the actual wind velocity and the length of the fetch
over the water body.

The computations of the parameters entering into the mentioned expressions were made
using data from a continental station with allowance for the transformation of
meteorological elements by methods recommended in [3]. The results of the computa-
tions are given in Table 1 and in a graph (Fig. 2). The correlation coefficients

for the derived expressions (Fig. 2) are equal to 0.8l. The collected data give
basis for assuming that the computation of the monthly sums of evaporation on the
basis of meteorological data for continental stations can also be accomplished for
a zone of hummocked swamps. However, final conclusions concerning the accuracy of
computation of these parameters can be drawn after obtaining the necessary addition-
al observational data.

BIBLIOGRAPHY

1. Vuglinskiy, V. S., Starovoytova, V. K. and Cherskaya, Ye. N., "Method for Eval-
uating Evaporation From the Surface of a Water Body Using Data From the GGI-
3000 Continental Evaporator,” TRUDY GGI (Transactions of the State Hydrological
institute), No 274, 1980,

2. NASTAVLENIYE GIDROMETEOROLOGICHESKIM STANTSIYAM I POSTAM (Instructioms for Hy-
drometeorological Stations and Posts), Issue 2, Part 2, Leningrad, Gidrometeo-
izdat, 1961.

3. UKAZANIYA PO RASCHETU ISPARENIYA S POVERKHNOSTI VODOYEMOV (Instructions on Com-
puting Evaporation From the Surface of Water Bodies), Leningrad, Gidrometeoiz-
dat, 1969.
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UDC 551.(524.73+507.362)

RECONCILING OF MESOSPHERIC TEMPERATURE VALUES MEASURED BY DIFFERENT ROCKET
SOUNDING SYSTEMS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 116~120

[Article by Yu. P, Koshel'kov, candidate of geographical sciences, Central Aerolog-
ical Observatory, manuscript received 21 May 80]

[Text] Abstract: The long-term atmospheric temper-
ature values obtained at different rocket
sounding stations using different measure-
ment methods are compared. The results of
these comparisons make possible the reconcil-
ing of mean data on the temperature of the
mesosphere obtained at a number of stationms.

Introduction. In order to construct reference models of the atmosphere, in the an-
alysis of the temperature and pressure fields in the middle atmosphere at the scale
of a hemisphere and for other purposes it 1s necessary to reconcile the data ob-
tained using different rocket sounding systems, that is, obtained by different
methods. At Soviet stations sounding is now accomplished using the M-100B meteor-
ological rocket with a "361M" nosecone (prior to 1978 -- with a "361" nosecone) and
using a resistance thermometer., In addition, in such work use is made of the MMR-06
rocket in which the sensing element for measuring temperature is a thermistor. In
the United States it is customary to employ Super-Loci-Datasonde rockets (prior

to 1970 -- the Arcasonde rocket), also employing thermistors. It is less common to
use the acoustic rocket-grenade method, the method of falling gas-filled spheres,
manometric methods (Pitot tubes, etc.).

It is known that data from measurements made by different methods differ above 50
km. This was confirmed in direct comparisons of rocket systems [8, 10]}. However,
such comparisons of necessity were based on a limited number of synchronous meas-
urements and involved only some sounding systems. Therefore, it is desirable that
their results be supplemented by "indirect" comparisons in which there is a compar-
ison of the mean temperature values obtained at different points (or in different
years) under similar atmospheric conditions, for example, in summer when the longi-
tude temperature differences in the stratomesosphere are small (the influence of
variation with latitude can be excluded by the interpolation of temperature at

the necessary latitude). The temperature differences found in such comparisons are
attributable both to the difference in the sounding equipment used and the resid-
ual difference in atmospheric conditions in the compared series of measurements.
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The results of this sort of comparison are given below.

M-100B rockets and Ameriran network rocket systems. Table 1 gives the differences
between the mean temperatures obtained using the M-100B ("361") system and Amer-
ican systems. For the northern hemisphere we have compared M-100B sounding data
(stations at Kheys Island, Volgograd, Tumba) and Datasonde data (North Americansta-
tions) for the summer of 1973-1978, in the southern hemisphere —— shipboard sound-
ing data with the M~100B (Indian Ocean) for 1961-1977 and Arcasonde and Datasonde
data (Mar Chiquita station in Argentina) for the summer of 1968-1977 at latitude
38°S and mean annual data for 1964-1975 at latitude 8°S (Easter Island).

Some of the discrepancies ([31) in Table 1 can be attributed to the peculiarities

of the aerodynamics of measurements of temperature by an M-100 ("361") rocket.

(The Aj values for winter conditions should be greater than the summer values

cited in Table 1). In addition, during recent years there has been an improvement

in the calibration method (the A, effect in Table 1) and there has been some re-
finement of the temperature restoration coefficients used in computations of the
velocity correction for the M-100B rocket (A effect). Another part of the discrep-
ancies (A,) arises as a result of the difference in the time of day when the M-100B
("361") and Datasonde rockets were launched. There are evidently also other reasons
for the discrepancy in data, including those assoclated with errors in American
measurements.

As indicated in Table 2, the data from an indirect comparison in general are con-—
firmed by the results of the direct comparison of 1977, involving the M-100B
("361M") and Datasonde systems. Due to the approximate nature of the quantitative
evaluations of the differences in the conditions for the indirect and direct com-
parisons (Al, A2, A3 and Ay4), as well as the assumptions made in the indirect
comparison, one should not expect a total coincidence of the results of these com-
parisons.

Grenades, Pitot tubes and gas—filled spheres. A study was made of the differences
between the mean temperatures determined on the basis of data from 20 rocket—gren-
ade measurements (in 1960-1970) and 5 measurements using Pitot tubes (in 1966-1970)
at Wallops Island during summer [15, 16] (see figure). The measurements made using
Pitot tubes give somewhat lower temperatures than the grenade measurements in the
lower mesosphere and higher temperatures in the upper mesosphere. However, the sig-
nificance of these differences is great only at an altitude of 55 km. The differ-
ence decreases still more if only the grenade measurements for August (when all

the measurements with the Pitot tube were made) are used. Although the volume of
data is not great, it can be concluded that it is possible to make joint use of data
obtained with grenades and Pitot tubes.

Measurement data obtained using spheres in the summer of 1970-1974 [12] at Woomer
station (31°S), supplemented by data from a so-called "dropsonde" (in which the

systematic discrepancy with spheres was eliminated [4]) and reduced to a latitude

38°, are 1-3°C warmer than grenade data for 38°N (see figure). However, the differ-
ences are not significant.
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Fig, 1. Deviations of mean temperatures obtained using Pitot tubes and gas-filled
spheres from grenade data during summer months. 1) data from Pitot tubes for Aug-
ust and grenade data for June-August; 2) data from Pitot tubes for August and gren-
ades for August; 3) data from Australian spheres for December-February and grenades
for June~August; 4) data for American spheres and grenades for June-August.

The mean long-term temperatures measured with American spheres in the subtropics in
the upper mesosphere were lower than the temperature measurea using grenades (see
figure). Some of the differences, however, must be attributed to the diurnal varia-
tion of temperature because the spheres were launched for the most part at 0500-
1200 hours (LT) whereas the grenades were launched more uniformly in the course of
the day. An influence of the ll-year cyclicity of temperature in the stratomeso-
sphere is also possible [3, 5, 13].

Grenades (spheres) and Datasondes (Arcasondes). The differences between summer tem-
peratures according to grenade measurements and data from Datasonde and Arcasonde
probes for North America were important at the level 60 km and above (Table 3). Dur-
ing the winter and transitional seasons the 'grenade-Datasonde" differences for 38
and 59°N were somewhat greater: -1 - -3°C at the level 55 km, -3 - -6°C at 60 km
and -8 - -9°C at 65 km. The influence of the diurmal variation and the possible 11-
year cycle on the accuracy of the comparisons in this case should not be great.

According to data from about 200 paired launchings of Datasondes and spheres in the
United States during 1971-1978 [18] at latitudes 22, 28 and 34°N the spheres give
lower temperature values than the Datasondes (with the correction [11]): on the
average by 4°C at the level 45 km, 5.5°C at 50 km, 3°C at 55 km, 0.5°C at 60 km and
(with a reduction of the number of pairs to 35) 4°C at 65 km. These results agree
with the "grenade-sphere" differences.
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Grenades (Pitot tubes, spheres) and M-100B rockets. The differences between the
temperature values estimated on the basis of grenade measurements (also using
Pitot tubes and Australian spheres) [12, 15, 16] for the latitudes of the Soviet
stations and determined using the M-100B ("316") rocket are maximum for 80°N
(Table 4). The reason for this may be an inaccuracy in the extrapolation of gren-
ade data to 80°N, the small volume of data, etc. At the 80-km level the values of
the differences are variable.

When using the modernized "316M" nosecone with the M-100B rocket (instead of the
"361") the discrepancies with grenade data are reduced, but their values are pre-
liminary.

M-100B and MMR-06 rockets. Table 5 shows that the temperature values according to
MMR-06 data in the lower mesosphere are somewhat higher than according to M-100B
("361M") data by approximately 1°C at altitudes 45-50 km and 6°C at 55 km. With

the results given in Table 4 we find that the temperatures measured with the MMR-06
rocket and with use of grenades are in agreement with one another at altitudes 50-55
km,

Summary. Our analysis systematizes the discrepancies in long-term data from rocket
measurements of temperature in the mesosphere carried out at a number of stations
using different methods and apparatus. This makes possible the reconciled use of
data from different sources. However, there is no unanimous opinion concerning the
choice of a reference method because investigations of the errors of individual
methods have not been completed. In the formulation of standard and reference
models of the mesosphere it has become the practice to use data on temperature ob-
tained by the grenade method as the fundamental data {2, 6, 17]. Accordingly, in
the formulation of new models a continuity is best ensured by continuing to employ
data obtained by the grenade method as the reference data for the mesosphere (Table
6). Data obtained with the MMR-06 rocket, Australian spheres (in the 1970's) and
Pitot tubes on the average agree with grenade data. In the case of the M-100 rocket
reconciling corrections in Table 6 are considerably smaller for data obtained at the
present time using the "361M" nosecone than for archival data (prior to 1978) ac-
cumulated using the " 361" nosecone.

We note that grenade observations in general are complex and expensive and for all
practical purposes are not being made at the present time. In choosing a method as
a reference (for example, M-100 ('"361-M") data) the values of the reconciling cor-
rections vary in accordance with the differences between the temperatures obtained
using this and the grenade method.

kkkkkkk
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Table 5

Differences Between Atmospheric Temperature Values (°C) Measured Using MMR-06 Rocket
and M~-100B ("361M") Rocket

Period Region

Summer 1979-1980
May 1979
February 1980

Equator
Equator

Middle latitudes

Altitude, km

45 50
1.5 2.5
(o] -0.5
2.5 1.5

55

oo U

Table 6

Reconciling Empirical Increments (°C) to Long-Term Temperature Values Obtained

in Former Years by Various Rocket Measurement Methods (Using Grenade

Measurements as Reference Values)

M-1006 Datasonde Sphere
Altitude, ["361" with cor (UsA)
km (sum- | 31M>» rection
mer) (11]
6
80 - - -
75 9 5 — 0
70 21 8 -7 0
65 24 10 -5 -2
60 21 7 -3 —g
55 12 6 -1
50 5 4 0 5
45 2 1 0 4
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UDC 551.508.29

RADIO DEVICE OF A SYSTEM FOR THERMAL SOUNDING OF THE ATMOSPHERE BY THE
RADIOACOUSTIC SOUNDING METHOD

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 120-123

[Article by V. M. Bovsheverov, M. A. Kallistratova and L. V. Knyazev, candidates of
physical and mathematical sciences, A. G. Gorelik, professor, and M. Yu. Yegorov]

[Text] Abstract: Radioacoustic sounding (RAS) is a
promising method for prolonged measurement
of the temperature profile in the atmospheric
boundary layer. The authors examine the various
aspects of design of the receiving and trans-
mitting radio elements of a radioacoustic sound-
ing system. The optimum specifications for these
devices are set forth. An experimentally deter-
mined temperature profile is given and this is
compared with radiosonde results.

Radioacoustic sounding (RAS) is an effective method for long-term monitoring of
the temperature profile T in the atmospheric boundary layer at a real time scale.
The method is based on measurement of the speed of sound vg in the atmosphere,

vg = 20.05T,

which is determined from the Doppler frequency shift fp of an electromagnetic sig-
nal reflected from an acoustic wave. A distinguishing characteristic of the RAS
system is that it effectively functions near the synchronism 2As = A [5, 6], when
the electromagnetic energy reflected from each of the acoustic wave fronts arrives
in the receiver antenna in phase. In this case

fp = 2Vs/A = Vs/ )‘s = fg,

where A and )\s are the wavelengths of the electromagnetic signal and sound.

A highly important prohlem in developing the radio device for the RAS system is the
choice of a working wavelength. The systems described in the literature have used
either very short electromagnetic waves (about 3 cm, 10 cm [2, 3]) or very long
waves (0.7 m, 8 m [4, 5]). In the first case it is impossible to obtain a reflec-
tion with great ranges since the acoustic wave rapidly attenuates; in the second
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the acoustic wave almost does not attenuate during propagation, but the realiza-
tion of such a system requires the construction of unwieldy narrow-beam radio and
acoustic antennas.

| |
| |
~Acougtic system _. _ .

Fig. 1. Block diagram of RAS system radio complex. CC) capacitive coupling; PA and
PA3) power amplifiers for transmitter and acoustic system; MO and MO3) master os-
cillators; PI) phase inverter; HFA) high-frequency amplifier; DC) directional coup-
ling; P) preselector; BMgjp, and BM h) balance mixers of signal and phase channels
of receiver; Het) heterodyne; IFAsi Agh) intermediate frequency amplifiers; PD)
phase detector; BF) band filter; SF ronous filter; M) multiplier; LFF) low-
frequency filter; Sw) switch; GAP) generator of acoustic pulses.

The developed RAS system operates at a wavelength of 30 cm. This is a compromise
in the effort to obtain a significant effective range of the RAS system with rela-
tively small dimensions of the antenna system.

According to [5], for the reception of a signal from a kilometer range with an acous-
tic power of about 5 W and with an antenna directional diagram of about 10° the ratio
of the power of the electromagnetic signal Ppec reflected from the acoustic pulse to
the transmitter power Py (radar potential) should be not less than 140 db. This does
not take into acccunt the attenuation of the signal caused by turbulence and the
shift of the acoustic pulse relative to the radio antenna ray by the horizontal wind
component. The attenuation of the reflected signal caused by the enumerated factors
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is 50 db or more. The required potential is therefore -190 db.

Fig. 2. Output voltages of circuit for synchronous shift of Doppler frequency and
band filter. The scale 0.2 sec/cm corresponds to a range scale 70 m/cm.
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Fig. 3. Temperature profiles obtained with one registry of acoustic pulse from syn-
chronous drift circuit. Radiosonde measurement (dashed line) was made at a distance
of 40 km from the place where radioacoustic sounding took place.

The potential of any continuous radar is determined primarily by the "creeping" of
transmitter noise from the transmitter antenna to the receiver antenna. With f

2200 Hz and an effective width of the receiver band Af = 30 Hz the power of this
noise is below the power of the carrier frequency of the transmitter by about 100
db. If the decoupling of the receiving and transmitting antennas is inadequate, it
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is precisely this noise which determines the real receiver response. With a good
decoupling of the antennas the potential will be determined by the Py value and
receiver response Wrec. In our case the decoupling value, with allowance for com~
pensation, was not less than -110 db. This excluded the influence of transmitter
noise,

Under these conditions it is possible to ensure the potential (-190 db) by several
methods: the first involves an increase in receiver response, the second requires
an increase in the radar transmitter power P., and the third necessitates an in-
crease ir the directivity of the radio and acoustic radiation source. The possibil-
ities for the second method are extremely limited because with an increase in Pt
there is an increase in a direct "creeping" of the transmitter signal to the re-
ceiver input, which in the last analysis leads to a saturation of the receiver am—
plification channel. An increase in the directivity of the antennas is possible
only to a definite limit (in the case of narrow-beam antennas the wind influence
increases sharply and the adjustment of the entire RAS system is complicated).

Accordingly, the most justified approach is a maximum increase in receiver response.

Now we will briefly discuss the principal technical specifications of the developed
RAS system radio complex (Fig. 1).

The centers of the radio antennas were situated at a distance of 4 m from the center
of the acoustic antenna, on either side relative to the latter. An electromagnetic
screen with an absorbing upper edge was installed in the middle. The height of this
screen was 4 m. The absorbing edge makes it possible to reduce diffraction phenomena
arising at the screen edges. In this way there was a decoupling between the antennas
ge = —74 db.

In order to reduce the influence of the HF channel the high-frequency amplifiers
HFA,, HFA; and the directional coupler (DC) were mounted on the receiving antenna.
The compensation circuit made it possible to reduce the undesirable influence of
direct "creeping" of the signal into the receiver; some of the transmitter power was
fed through an adjustable capacitive coupler (CC) and phase inverter (PI) via the
directional coupler into the receiver amplification channel and it was really pos-—
sible to compensate the direct "creeping" of the signal by an additional 30-40 db.
The resulting decoupling and compensation made it possible to work with a power
level in the transmitting antenna of 1 W.

At the output of the band filter (BF) the signal was suitable for analysis for the
purpose of obtaining geophysical data on the atmosphere. The band 200 Hz covers all

possible fj, values in the real temperature range without readjusting the outfit.,
From this output at altitudes up to 250 m a signal was received which exceeds the
noise by 40-30 db. However, this is not the limit: using the synchronism property,

only with which reliable reception is possible, there can be a further increase in
receiver response.

- Since fp = fg, it is desirable to use a narrow-band filter (SF) with tuning changing
synchronously with fg. With an average temperature gradient 6°C/km in the altitude
range 1 km the width of the filter transmission band is
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Af = 20.05/AAT//T # 24 Hz.

Tuning for synchronism was accomplished by a change in fg. At the selected altitude
the moment of synchronism was determined on the basis of zero beats at the output

of the Doppler spectrum synchronous drift circuilt for the reflected signal (photo-
multiplier). The circuit also makes it possible to exclude an excess of information
in statistical processing of the reflected signal. The measures described above made
it possible to bring the potential to =190 db.

The developed apparatus was employed for geophysical measurements in the atmosphere
beginning in July 1979. Temperature profiles to an altitude of 1 km were obtained
which agree well with data from radiosonde measurements. Figure 2 shows the charac-
teristic appearance of a reflected signal at the output of the band filter and the
output of spectrum synchronous drift circuit and Fig. 3 was constructed on the basis
of the output signal of this circuit., The latter figure shows temperature profiles
based on one passage of the acoustic pulse along the path. The minimum sounding al-
titude was 50 m. The results of field measurements are discussed in greater detail
in [1].
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REVIEW OF MONOGRAPH BY V. R. ALEKSEYEV AND B. L. SOKOLOV: POLEVYYE ISSLEDOVANIYA
NALEDEY (FIELD INVESTIGATIONS OF ICE ENCRUSTATIONS), LENINGRAD, GIDROMETEOIZDAT,
1980

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 124-125

[Review by M. Sh. Furman, candidate of geographical sciences, Irkutsk Hydrometeor-
ological Observatory]

[Text] In connection with the intenmsive exploitation of the natural resources of
Siberia and the Far East engineering field workers, planners and construction men
are encountering the need for study of the ice encrustation phenomena, which have
a widespread occurrence, for developing measures to provide safeguards against
their unfavorable influence on engineering structures, transportation routes, pop—
ulated places, etc. The construction of the Baykal-Amur Railroad and the implement-
ation of plans for the economic development of adjacent regions have provided a
new momentum for a more active and planned study of ice encrustations.

Until now field investigations of ice encrustations have been scattered; investig-
ations of this phenomenon are made by different scientific and engineering organi-
zations and specialists in different fields.

The collection of reliable scientific information on ice encrustations and ice en-
crustation processes is possible only with a standardization of field observationms,
on the basis of a unified geographical-hydrological method and their investigation
with a multisided study of all environmental components.

Along these lines a positive fact was the publication of the monograph FIELD INVEST-
IGATIONS OF ICE ENCRUSTATIONS by the Gidrometeoizdat in 1980. It was prepared by
scientists and specialists of the State Hydrological Institute of the State Com~

. mittee on Hydrometeorology, the Institute of Geography of Siberia and the Far East
of the Siberian Department USSR Academy of Sciences and the "Priroda" State Center
of the Main Administration of Geodesy and Cartography.

The authors of the book generalized available experience in work on study of ice en-
crustations in different regions of Siberia and the Far Last and established the
principal aspects of the field research method.

In the first chapter the authors examine the fundamental concepts and terms relat-
‘ed to field investigations, primary processing and analysis of data from field ob-
servations. The principal patterns of interrelationship between ice encrustations
and the environment are presented and on their basis it is emphasized that there
is a need for multisided study of ice encrustation phenomena, which leads to ob-
taining reliable data for the solution of practical and scientific problems.
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The second chapter examines the objectives, content and methods of field investi-
gations of ice encrustations.

The following directions in the study of ice encrustations are fundamental in the
solution of different problems: 1) clarification of the patterns of geographical
distribution of ice encrustations over an area; 2) study of the dynamics of ice
encrustation processes in their annual and long-term cycles; 3) their prediction,
taking into account man's economic activity, evaluation and allowance for the in~
fluence of ice encruscations on the environment and engineering structures. The
authors propose that these directions be pursued by solving a whole series of in-
terrelated problems: study of the territorial distribution of ice encrustationms,
investigation of the physical and geochemical processes of ice encrustation for-
mation, the laws governing the regime of ice encrustations, etc. as a result of
the interaction of all natural processes. Particular attention must be given to
the accuracy of field measurements, evaluation of the use of the results of complex
observations for different purposes and application of the general patterns deter-
_ mined from studied ice encrustations to unstudied formations.

The authors have developed a general basis of the work method and provided a list
of the necessary methods for field investigations which are differentiated as
surface and remote. The book examines all types of standard observations and exper-
imental investigations, each of which solves an individual part of the overall
problem,

At the present time remote methods for the study of ice encrustations are only be-
ginning to enter the arsenal of researchers and for this reason great attention is
given to this problem in the third chapter. The characteristic features of remote
methods are examined. These make it possible simultaneously to obtain information
on a great number of features scattered over an area, ensure a uniformity of meas-
urement data and the possibility of obtaining additional information on the pro-
cesses accompanying the formation of ice encrustations which are difficult to study
by surface methods. In examining the advantages of these methods, the authors point
out for what purposes they are most effective (preparation of catalogues, surveys,
atlases, etc.) in evaluating the temporal and areal ice encrustation of a territory,
etc.

On the basis of their own experience and the work of different organizations the
authors describe methods for making observations from the air and by landing of
aircraft in the investigated areas. They discuss aerial photographic surveys of ice
encrustations, reveal the distinguishing characteristics of this work, interim use
of these methods, interpretation criteria, etc.

A new method 1s examined for a study of ice encrustations —-- radar sounding of ice.
Its fundamental physical principles are discussed, a block diagram of the radar ap-
paratus 1s given, the experience in carrying out such work in the mountainous re-~
gions of the zone ¢f the Baykal-Amur Railroad is described, and the principal re-
quirements on equipment for the sounding of ice encrustations from an aircraft are
set forth.

The fourth and fifth chapters examine methods for recomnaissance and stationary in-

vestigations. These give an analysis of the specifics of work for the study of ice
encrustations formed from ground and surface waters, validate the choice of features
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for observation, and describe the makeup and content of such studies (general and
specialized), as well as explaining the placement of measurement rods on ice en-
crustations, etc. A method for evaluating the errors in measuring different char-
acteristics of ice encrustations is given for validation of an observation network
with determination of the optimum number of observation points.

Fully understanding the complexity of a thorough substantiation of field investiga-
tions of ice encrustations and the overall state of the discussed problem, the
authors call upon specialists in different lines of work who are concerned with the
study and exploitation of regions in Siberia and the Far East to broaden their work
in developing a unified method for the field study of ice encrustations and ice en-
crustation processes.

The publication of the book by V. R. Alekseyev and B. L. Sokolov is very timely. In
this book the first attempt is made at generalizing existing experience for the
field study of ice encrustations and ice encrustation processes. The individual
shortcomings of the book and disputable points are related primarily to the fact
that ice encrustation processes have still been studied very little, only general
ideas exist concerning some of them and individual aspects of this phenomenon have
only appeared recently,

The reviewed book can become the basis for creating a manual for study of ice en-
crustations in the network of stations and posts of the State Committee on Hydro-
meteorology, taking into account the specifics of implementation of network observ-
ations.
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FIFTIETH ANNIVERSARY OF THE LENINGRAD HYDROMETEOROLOGICAL INSTITUTE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 8L pp 126~127
[Article by B. Ya. Tolstobrov, prorector, Leningrad Hydrometeorological Institute]

[Text] During the period 27-28 November 1980, at the Leningrad Hydrometeorological
Institute (LHMI), there was a solemn conference and session of the Scientific Coun~
cil devoted to the 50th anniversary of this academic institute. The institute was
organized in Moscow on 23 July 1930 on the basis of the Geography and Geology Fac-
ulties at First Moscow State University and at that time was called the Moscow
Hydrometeorological Institute (MHMI). It moved to Leningrad in the autumn of 1944.

Representatives of the Ministry of Higher and Special Education RSFSR, the State
Committee on Hydrometeorology, USSR Academy of Sciences, Ministries of Defense,

Civil Aviation, Power and Electrification and other departments participated in

the anniversary solemmnities.

At the solemn session a report on the activity of the institute in its 50 years was
presented by its rector, Doctor of Geographical Sciences N. P. Smirnov. He noted
that the LHMI was the country's and world's first specialized hydrometeorological
college. Over the period of a half-century its personnel carried out much work for
the training of personnel, for different branches of the national economy and for
national defense. Since the time of its founding the institute has trained more
than 10,000 specialists with higher skills -- meteorologists, hydrologists and
oceanologists —— furnishing hydrometeorological information and forecasts to avia~
tion and agriculture, industry and the power industry, construction and transporta-
tion in all regions of our great country and far beyond its limits,

During the period of the Great Fatherland War the MHMI, transformed in the summer

4 of 1941 into the Higher Military Hydrometeorological Institute (HMHMI), was com-
pletely switched over to the training of military hydrometeorological engineers
for the armed forces of our country. The graduates of the institute successfully
supported at the fronts the combat operations of the Soviet Army, the Air Forces
and the Navy and thereby made a weighty contribution to the victory of our people
over the German-Fascist invaders.

During the years which followed the institute continued to develop: there was im-

provement in its structure, the content of the lecture courses and the instruction
method, the staff increased in size, the material-technical base was strengthened,
the quality of preparation of the graduated specialists increased and internation-
al relationships were developed.
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At the present time the institute has three faculties: meteorological, hydrolog-
ical and oceanological, responsible for training in the three fields of special-
jzation and in several narrower areas of specialization (numerical forecasting
methods, long-range forecasts, hydrometeorological measurements and instruments,
physical oceanology and marine chemistry). Since 1981 there has been a faculty for
upgrading skills for supervisory personnel and specialists of the State Committee
onWhmawmhy.mueueﬂd@ummmatmeMﬁnuemuemueue
about 180 instructors, of which more than 100 have academic degrees and titles, in-
cluding 25 professors and doctors of sciences. By a resolution of the Collegium of
the Ministry of Higher and Intermediate Special Education RSFSR the LHMI has been
assigned the functions of the main council on hydrometeorological education in our
country.

The institute also heads work of the Council on the Problem "Preservation and
Rational Use of the Atmosphere" in the USSR Ministry of Higher and Intermediate
Special Education system.

The LHMI is widely known for its international relationships. Each year about 150
foreign citizens (students and graduate students) from 45 countries of Asia, Africa,
Latin America and Europe study within the walls of the institute.

The staff of instructors and service organizations and students devote much atten-
tion to the training of skilled specialists for foreign countries, seeing this as
their international duty and an important means for educating young people.

The body of scientists at the institute is carrying out much scientific research
work. The merits of institute scientists in the field of writing of textbooks and
study aids in hydrometeorological disciplines are great and widely recognized.
Institute specialists have met this anniversary with new successes in academic,
scientific and instructional work, the adoption of additional obligations in honor
of the 26th CPSU Congress.

- The first rector of the institute, Professor V. A. Belimnskiy, the former rectors
Docent V. I. Poltavtsev and Corresponding Member USSR Academy of Sciences O. A,
Alekin and others participated in the anniversary session.

A member of the Collegium, the head of the Administration of Personnel and Academic
Institutes of the State Committee o Hydrometeorology A. N. Chilingarov, the pres-
ident of the USSR Geographical Society and Director of the Arctic and Antarctic
Scientific Research Institute Corresponding Member USSR Academy of Sciences A. F.
Treshnikov, the director of the Main Geophysical Observatory Professor Ye. P. Bor-
isenkov, the director of the State Hydrological Institute Professor A. A, Sokolov,
the director of the State Meteorological Publishing House Merited Worker in Culture
RSFSR Yu. V. Vlasova, representatives of many other scientific research inmstitutes,
the Ministry of Higher and Intermediate Special Education and academic institutes
presented greetings to the persomnnel of the LHMI. The institute received more than
200 congratulations and telegrams. These included greetings from the chairman of the
USSR Council of Ministers, the chairman of the State Committee on Science and Tech-
nology Academician G. I. Marchuk, the chairman of the State Committee on Hydrometeor—
ology Corresponding Member USSR Academy of Sciences Yu. A. Izrael', chairman of the
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earth sciences section of the Presidium USSR Academy of Sciences, Vice President

of the USSR Academy of Sciences Academician A. V. Sidorenko, Academician-Secre-
tary of the Division of Oceanology, Physics of the Atmosphere and Geography of the
USSR Academy of Sclences Academician L. M. Brekhovskikh, director of the Institute
of Applied Geophysics Academician Ye. K. Fedorov. The specialists and students

of the LHMI were warmly and sincerely congratulated by the Ministry of the Ship
Building Industry, the Ministry of Power and Electrification, the Ministry of
Fisheries, the Ministry of Defense, the Ministry of Civil Aviation, the Design
Bureau imeni A. N. Tupolev and many others. Many congratulatory telegrams were also
received from the hydrometeorological services of the socialist countries. The grad-
uates of the institute sent warm greetings to the LHMI staff.

At the anniversary session of the scientific council of the institute reports were
presented on several directions of work carried out in the scientific program of
the institute by: Meritorious Worker in Science RSFSR, Professor L. T. Matveyev,
Professor V. G. Morachevskiy, Professor L., G. Kachurin, Professor A. R. Konstant-
inov and Docent I. P. Spitsyn, Professor Yu. P. Doronin, and Professor B. N. Bel-
yayev.

An All-Union Conference of the Student Scientific Soclety was also held. It was de-
voted to the 50th anniversary of the Komsomol organization at the institute. Re-
ports were presented to the conference by students at the Leningrad Hydrometeorol-
ogical Institute, Odessa Hydrometeorological Institute and a number of universit-
ies of the country.

The institute is faced with major tasks in the field of further improvement in the
academic process, the communist education of students and the development of funda-
mental scientific research.
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NOTES FROM ABROAD
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 pp 127-128
[Article by B. I. Silkin]

[Text] The nitrogen oxides and sulfur emitted into the atmosphere in the course of
industrial activity, entering into interaction with the moisture present in the
air, form corresponding acids. The farther these concentrations of substances
move away from the source, the greater is the quantity of acid which they create.
As a result, in regions remote from factories and electric power stations there
can be acidic precipitation which exerts a destructive effect on the plant and
animal world.

In NEW SCIENTIST, Vol 87, No 1215, 1980 it is reported that the largest supplier
of such substances to alr space is the United States, where each year about 26
million tons of sulfur dioxide and 22 million tons of nitrogen oxide enter the at-
mosphere. Their principal source is thermoelectric power stations operating on
coal. The metallurgical plants of Canada add their own, although lesser fraction
to it. As a result of the distant transport of contaminating agents the problem
of the acidity of precipitation has become international in North America. The
Minister for Environmental Affairs of Canada, J.Roberts, declared that that
country in the next 20 years must expend not less than 400-500 million dollars an-
nually for the prevention of acidic precipitation; the cooresponding expenditures
for the United States must be approximately eight times greater. If this process
is not stopped the losses inflicted on lakes, soil, harvests, structures and human
health will lead to equivalent losses.

kkk

As reported in SCIENCE, Vol 209, p 491, 1980 and in NEW SCIENTIST, Vol 87, No 1212,
p 366, 1980, the first evidence appeared in 1975 that fluorocarbons, forming a
part of household aerosols, can cause substantial harm to the ozone layer which
safeguards the earth against receipts of excess quantities of solar UV radiatiom.
Taking into account that such a phenomenon should lead to an increased occurrence
of cases of skin cancer, a number of countries adopted measures for banning the
production of aerosols containing fluorocarbons.

Now a scientific specialist of the United States Geological Survey D. Johnston has
concluded that in the course of an average year the materials ejected into the at-
mosphere in the course of volcanic eruptions can cause destruction of the earth's

ozonosphere to an equal degree as all the fluorocarbons entering into air space in
1975, being a period of maximum use of aerosols.
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explosive volcanic activity remained poorly studied.

According to an approximate evaluation by D. Johnston, in the entire world on

the average each year there should be one explosive eruption similar to that

vhich occurred in 1976 in Augustine Volcano in Alaska. This eruption, judging

from all available data, led to the ejection of a quantity of HC1l which substan-
tially exceeds the quantity of fluorocarbons released as a result of human activity
in 1975. Between 17 and 36% of this volcanic ejecta entered directly into the
earth's stratosphere.

An eruption occurring about 700,000 years ago in California evidently led to the
settling of approximately 100 km3 of volcanic ash onto its surface. It should
have released into the stratosphere six times more chlorine than did anthropo-
genic factors in 1975.

The figures cited by D. Johnston are approximate. However, it is clear that the
regular entry of a large quantity of chlorine into the earth's air space, caused
by volcanic activity, must be seriously taken into account by meteorologists and

specialists in physics of the atmosphere in modeling the chemistry of the planet's
air envelope.
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OBITUARY OF MAKSIM SAVVICH KULIK (1907-1980)
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 81 p 128

[Article by agrometeorologists of the USSR Hydrometeorological Center and the All-
Union Scientific Research Institute of Agricultural Meteorology]

[Text] Soviet agrometeorology has experienced a severe loss: Maksim Savvich Kulik,
one of the leading agrometeorologists of our country, died on 8 August 1980.

M. S. Kulik gave about 50 years to the development of Soviet agrometeorology. Head-
ing the Agrometeorological Section of the Ukrainian Administration of the Hydro-

meteorological Service in 1932, his scientific and organizational activity was in-
separably related to problems in agrometeorology.

During the years of the Great Fatherland War Engineer-Major M. S. Kulik directed
meteorological support of the army.

During the first post-war years he was Deputy Chief of the Ukrainian Administration
of the Hydrometeorological Service and at the same time was a senior scientific
specialist of the Geography Institute of Kiev University. In 1948 Maksim Savvich
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successfully defended his candidate's dissertation and beginning in 1949, for a
period of 15 years, was deputy director of the Central Interest of Forecasts, head-
ing a large group of agrometeorologists. At this time, under his direct leadership
and with his participation a validation was given for state measures directed to
the upgrading of agriculture. Agrometeorological observations and forecasts were
developed and improved. Maksim Savvich created a method for evaluating and predict-
ing the effectiveness of application of mineral fertilizers in dependence on
weather conditions, making it possible to increase the effectiveness of fertil-
izers during spring top dressing of winter crops in the nonchernozem zone, which
gives a yileld increase of not less than 20%.

The teaching activity of M. S. Kulik was highly diversified. An excellent lecturer
and propagandist, he gained merited fame by presenting lectures at courses for up-
grading the skills of specialists of the Hydrometeorological Service and other
organizations.

He trained a whole group of young sclentists, eleven of whom have successfully de-
fended candidate's and doctor's dissertations. The numerous scientific studies of
M. S. Kulik (there are more than 80 of them) are widely known in our country and
abroad.

He was an active worker in the internmational agencies of the WMO and a participant
in many international conferences.

In 1964 M. S. Kulik headed a laboratory in the Obninsk Affiliate of the Institute
of Applied Geophysics, successfully combining much scientific work with public
activity, being a member of the executive committee and a deputy of the city soviet.

Maksim Savvich devoted much effort to scientific editing and preparations for the
printing of scientific papers, over a period of many years being a member of the
editorial board of the journal METEOROLOGIYA I GIDROLOGIYA and serving as chairman
of the agrometeorology section of the editoral council of the Hydrometeorological
Publishing House. In 1967 he was awarded honorary diplomas of the Presidium of the
Supreme Soviet RSFSR and the Obninsk City Committee CPSU, and in 1976 for successes
in the implementation of the Ninth Five-Year Plan —- the Order "Emblem of Honor."

The bright memory of Maksim Savvich Kulik, a talented scientist, a good, responsive
person, will long remain in the hearts of his numerous students, fellow workers and
followers,

COPYRIGHT: 'Meteorologiya i gidrologiya", 1981
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